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Address  of  Welcome 

By 

E.  D.  KENNA,  Director 
Mississippi  Highway  Department 

Mr.  Chairman,  Distinguished  Visitors,  and 
Fellow  Mississippians : I esteem  it  a privi- 
lege and  an  honor  to  have  the  pleasure  of 
standing  before  you  people  this  morning 
and  delivering  to  you  on  behalf  of  the 
great  Governor  of  our  beloved  state  words 
of  welcome.  The  Governor  asked  me  to 
express  to  you  his  very  great  regret  that 
he  was  unable  to  attend,  but  due  to  illness 
it  was  impossible  for  him  to  come  down. 

These  Mississippi  boys  have  my  speeches 
all  numbered,  from  1 to  12.  The  shortest, 
of  course  is  No.  1,  and  the  longest  is  No. 

12.  Last  night  some  of  them  asked  me 
which  I intended  to  use,  and  I told  them 
No.  12.  After  last  night,  however,  I have 
changed  my  mind,  and  have  decided  to 
make  it  No.  1. 

A few  weeks  ago  I was  up  in  the  north- 
ern part  of  our  state  with  our  distinguished  Commissioner  for  the  Northern 
district,  Mr.  Linker,  and  I made  a few  speeches  on  that  trip  to  service  clubs. 
I got  over  to  Columbus  and  had  a telegram  from  Mr.  Harris,  Chief  Engineer 
of  the  Highway  Department,  in  which  he  stated  that  complaints  were  pour- 
ing into  the  office  about  my  speeches,  and  suggested  that  I switch  from 
No.  6 to  No.  9.  I wired  Mr.  Harris  that  as  a judge  of  good  speeches 
I though  he  was  a fairly  good  engineer. 

A few  years  ago,  you  will  recall  (all  of  you  who  are  old  enough 
to  recall  it)  that  we  had  a little  war  over  in  Europe.  It  was  my  privilege 
to  serve  in  that  war,  both  on  this  side  and  the  other.  Coming  back  from 
France  in  July,  1919,  and  going  back  to  my  old  home  county  of  Pike, 
all  of  the  boys  had  in  the  meantime  returned,  and  the  good  people  of  Pike 
County  decided  it  would  be  a fine  gesture  on  their  part  to  give  a home- 
coming celebration  to  all  of  the  boys  who  had  been  in  the  service.  And 
so  they  prepared  a very  splendid  banquet  in  McComb,  and  a large  number 
of  people  were  there. 

For  some  reason  I was  put  on  the  program  and  I worked  diligently 
and  prepared  what  I thought  was  a very  beautiful  speech  of  apprecia- 
tion, and  finally  my  time  came  on  the  program  and  I was  introduced  by 
the  Toastmaster,  and  I got  up  and  waded  into  my  speech.  Just  when 
I started  to  reach  the  point  where  I thought  I was  cutting  star  dust 
the  folks  began  to  get  up  and  drift  out,  until  it  got  right  embarrassing — so 
much  so  that  the  Toastmaster  rapped  on  the  desk  for  order  and  said, 
“Just  a minute,  ladies  and  gentlemen;  just  a minute!  This  man  who 
is  now  speaking  to  you  went  through  hell  for  us,  and  we  ought  to  be 
willing  to  do  the  same  thing  for  him.” 
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We  boys  down  here  in  Mississippi  have  been  working  hard,  catching 
a little  hell  here  and  there,  getting  ready  for  this  occasion,  and  I feel 
that  I am  entitled  to  give  you  folks  just  a little  hell  this  morning. 

We  are  happy  to  have  you  people  with  us,  you  visitors  from  far 
and  near  to  the  beautiful  Gulf  Coast  of  our  great  state.  We  are  proud 
of  the  Magnolia  State;  we  are  proud  of  her  people.  I believe  that  with 
all  due  deference  to  the  citizenship  of  every  other  state  in  this  nation, 
possibly  because  of  the  climate,  we  are  perhaps  the  most  hospitable  people 
in  this  nation. 

Secondly,  my  friends,  it  is  a happy  privilege  for  those  of  us  who 
happen  to  be  connected  with  highway  building  to  have  as  our  visitors 
you  distinguished  gentlemen  who  are  engaged  in  that  activity  and  in 
similar  work  over  this  nation.  Mississippi  is  building  a highway  system. 
We  are  glad  for  you  to  see  as  much  of  it  as  possible.  We  are  proud  of 
the  work  that  is  being  done  in  this  state.  Our  road  building  was  de- 
layed, due  principally  to  financial  difficulties,  for  this  is  strictly  an 
agricultural  state  and  our  finances  have  not  permitted  us,  until  recent 
years,  to  really  launch  a major  road  building  program.  But  twro  years 
ago — nearly  three  years  ago,  now — there  came  into  the  office  of  Governor 
the  Honorable  Hugh  White,  a great  man  and  a successful  business  man, 
at  the  same  time  there  came  a group  of  men  and  women  into  the  legis- 
lature who  were  committed  to  the  task  of  bringing  the  State  of  Mississippi 
out  of  the  dust  and  mud. 

The  legislature  and  the  Governor,  in  conjunction  with  our  three 
splendid  Highway  Commissioners,  with  a little  help  that  the  hired  hands 
could  give  them,  set  their  hands  to  the  task  of  bringing  Mississippi  out 
of  the  dust  and  mud.  On  May  19,  1936,  we  held  our  first  letting  under 
that  program.  From  that  day  until  now  we  have  really  been  working 
in  this  state  and  we  are  proud  of  the  work  that  has  been  done.  We 
have  tried  to  take  advantage  of  the  mistakes  that  other  states  have 
made,  and  in  conjunction  with  Mr.  Sneed,  the  District  Engineer  of  the 
Bureau  of  Public  Roads,  and  Mr.  Davis,  the  Senior  Federal  Highway 
Engineer  in  Mississippi,  we  have  been  working  together  in  cooperation 
on  our  state  highway  system,  and  that  cooperation  we  have  had  from 
Mr.  Davis  and  Mr.  Sneed,  together  with  the  information  we  have  been 
able  to  get  from  other  states  in  this  nation,  has  enabled  us  to  do  what 
we  are  doing,  and  we  are  proud  of  it. 

We  want  you  to  see  it.  We  want  you  to  go  fishing  out  here  in  the 
beautiful  Gulf.  We  want  you  to  see  the  beautiful  scenery,  the  historic 
points  of  interest  that  cluster  around  many  spots  in  this  state.  We  wrant 
you  to  see  our  beautiful  women.  We  honestly  feel  that  we  have  the 
prettiest  women  in  the  world  down  here  in  Mississippi.  We  want  you  to 
see  them;  we  want  you  to  feel  at  home  while  you  are  here. 

Now  may  I say  to  you  again  in  closing  that  Mississippi  extends  to 
her  visitors  today  a handclasp  of  welcome,  a heartful  of  joy  that  you 
folks  are  with  us,  and  a hope  that  your  stay  in  our  midst  may  be  one 
of  happiness.  It  is  our  sincere  hope  that  you  will  come  back  to  see  us 
again. 

Thank  you! 
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Message  to  the  Montana  National  Bituminous 

Conference 

From  the  Association  of  Asphalt  Paving  Technologists 

Your  very  competent  and  affable  Chairman,  Mr.  D.  A.  McKinnon, 
honored  the  Association  of  Asphalt  Paving  Technologists  by  suggesting 
in  a letter  that  I address  this  conference.  Reluctantly  I had  to  decline 
this  kind  invitation  because  other  matters  nearer  Chicago  had  prior  claim 
on  my  time  during  the  week  of  October  10. 

As  President  of  the  Association  of  Asphalt  Paving  Technologists, 
it  is  my  pleasant  duty  to  bring  you  cordial  greetings  on  behalf  of  our 
entire  membership.  Some  of  you  are  members  of  both  groups,  and  it 
was  with  this  thought  in  mind  that  efforts  were  made  to  schedule  our 
coming  meeting  simultaneously  with  yours.  Circumstances  over  which  we 
had  no  control  prevented  such  a desirable  arrangement.  Our  meeting 
will  probably  be  held  in  Chicago  sometime  in  February.  I should  like 
every  one  here  to  feel  that  he  has  an  individual  invitation  to  attend 
our  sessions.  We  will  be  more  than  pleased  to  have  you  with  us. 

I am  sure  that  I voice  the  opinion  of  all  of  our  group  when  I tell  you 
that  our  Association  is  heartily  in  accord  with  your  discussions  and 
efforts  to  develop  the  practical  side  of  bituminous  paving  construction. 
Converting  the  results  of  the  study  and  research  of  the  technologists 
into  practical  application  is  considerably  simplified  by  the  cooperation, 
initiative  and  resourceful  ability  of  those  actually  in  charge  of  such 
construction.  Without  this  active  cooperation,  a much  longer  period  would 
be  required  to  make  applicable  in  construction  practices  the  scientific 
facts  developed  as  the  result  of  such  reserach.  Thus,  the  men  who  repre- 
sent your  group  and  the  technologists  of  our  group  have  added  a multitude 
of  benefits  to  the  traveling  public  to  whom  both  of  us  are,  of  course,  indebted 
for  our  existence. 

There  are  still  innumerable  problems  confronting  us  in  our  efforts 
to  build  the  greatest  highway  system  known  to  man.  Problems  of  con- 
struction and  maintenance,  of  technology  in  development  and  manufac- 
ture of  materials,  of  the  application  of  present  scientific  knowledge  to 
actual  usage,  of  safety — with  which  we  are  all  concerned — and  others 
too  well  known  to  warrant  individual  mention. 

I believe  that  nearly  everyone  will  agree  with  the  statement  that 
our  combined  efforts  in  the  past  have  been  of  inestimable  worth  and 
value.  A great  many  problems  under  investigation  are  still  to  be  solved. 

We,  as  technologists,  want  to  continue  our  researches  but  must  have 
your  help  to  develop  our  thoughts  and  our  information  into  worthwhile 
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conclusions.  I am  sure  that  the  same  spirit  which  has  motivated  men  of 
your  group  and  responsibility  in  the  past  will  continue,  and  that  we 
shall  all  direct  our  combined  energies  to  enlarging  and  improving  our 
efforts  in  that  direction. 

I thank  your  Mr.  McKinnon  for  the  privilege  granted  our  Association 
to  be  identified  with  the  program  of  the  Montana  National  Bituminous 
Conference  and  sincerely  regret  my  inability  to  be  present  in  person. 
Based  on  last  year’s  meeting  at  Glacier  National  Park,  I know  that  the 
various  sessions  of  the  Conference  will  be  found  most  interesting  and 
instructive  and  all  present  will  materially  benefit  from  the  week  spent 
in  Mississippi.  Thank  you. 

W.  L.  HEMPELMANN,  President, 

Association  Asphalt  Paving  Technologists. 
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The  Contractor’s  Viewpoint 

By 

M.  W.  WATSON 

Chairman,  Highway  Division 
Associated  General  Contractors  of  America 
Topeka,  Kansas 

Mr.  Chairman,  Gentlemen  of  the  Bitumi- 
nous Industry : I received  a request  a short 
time  back  to  appear  on  your  program  as  a 
representative  of  the  Associated  General 
Contractors  of  America.  Our  organization 
is  the  national  trade  association  for  the 
contracting  industry.  It  represents  not  only 
the  highway  contractors  but  the  heavy  con- 
struction, railroad  and  building  contractors 
as  well.  The  work  of  our  Association  is 
divided  into  three  parts,  one  of  which  is 
the  Highway  Division,  of  which  I happen 
to  be  Chairman  this  year. 

I can  speak  to  two  parts  of  your  group 
from  personal  experience,  having  served  as 
State  Highway  Engineer  of  the  State  of 
Kansas  before  I became  a contractor. 

The  third  group,  the  manufacturers  and 
salesmen  of  material,  is  one  with  which  I have  never  been  associated,  and 
naturally  all  my  contacts  with  them  have  been  on  the  side  of  purchaser. 

I was  a little  nonplussed  when  I saw  that  this  meeting  being  held 
here  in  Mississippi  was  a Montana  Conference.  I couldn’t  quite  under- 
stand why  Montana  would  come  to  Mississippi,  but  I supposed  it  was 
for  the  same  reason  that  the  Kansas  Contractors  go  to  Kansas  City,  Mis- 
souri, to  have  their  annual  meetings.  It  is  natural  for  us  to  go  from 
Kansas  to  Missouri  to  have  our  annual  meeting.  Kansas  has  for  fifty 
years  been  a dry  state.  But  coming  from  Montana,  to  a state  which  has  a 
reputation  for  being  a dry  state,  to  hold  a convention,  was  a little  mys- 
terious to  me.  It  did  remind  me,  though,  of  a situation  I found  myself  in 
during  the  early  stages  of  the  NBA,  when  I was  in  Washington  representing 
Kansas  contractors  producing  aggregates. 

It  happened  that  the  World  Series  was  on  in  Washington  at  that 
time  and  together  with  a distinguished  attorney  from  the  State  of  Mon- 
tana, who  represented  the  Montana  Producers,  I attended  the  last  game 
of  the  World  Series.  We  had  bought  our  tickets  from  a very  fine  gentle- 
man, a fine  southern  character  from  North  Carolina  who  had  a bunch  of 
tickets,  and  he  was  kind  enough  to  sell  us  these  tickets.  We  were  very 


—17— 


comfortably  seated  and  had  watched  a couple  of  innings  of  the  ball 
game  when  a big  bruiser  came  down  the  aisle  and  demanded  to  know  if 
we  had  tickets  for  the  seats  we  occupied.  Well,  of  course,  we  thought 
somebody  had  claimed  they  had  tickets  for  the  seats  in  which  we  were 
sitting,  so  we  immediately  threw  out  our  chests  and  said,  “Yes,  we  have 
tickets  for  these  seats.” 

He  said,  “You  come  with  us.  Those  tickets  haven’t  been  paid  for.”  So 
we  were  directed  down  through  the  grand  stand  to  the  box  office,  and 
immediately  surrounded  by  ten  or  twelve  of  the  largest  policemen  I have 
seen  in  my  life,  and  were  informed  that  at  about  the  time  the  game 
started  the  check  for  which  these  tickets  had  been  paid  was  returned  to 
the  office  showing  that  there  were  no  funds  in  the  bank. 

They  wanted  to  know  where  we  came  from.  My  friend  from  Montana 
said,  “I  come  from  Montana.”  The  Captain  of  Police  looked  rather  queerly 
at  him  and  said  to  me,  “Where  do  you  come  from?” 

I said,  “I  am  from  Kansas.” 

He  said,  “This  is  certainly  a queer  situation.  Here  are  two  tickets 
bought  on  a bad  check  from  North  Carolina  and  the  people  occupying 
the  seats  are  from  Montana  and  Kansas.  I don’t  understand  it,  and  I 
think  you  ought  to  go  to  jail.” 

I think  this  is  just  a kind  of  mixed-up  proposition  here,  having  a 
Montana  meeting  in  Mississippi,  reminds  me  of  our  situation  in  Washing- 
ton. Of  course  we  finally  were  able  to  convince  these  distinguished  minions 
of  the  law  of  our  innocence  and  everyone  was  happy,  and  I hope  you  will 
have  a happy  and  successful  meeting  here. 

There  is  a direct  relation  between  the  three  divisions  of  the  industry 
which  you  represent,  in  which  there  should  be  the  heartiest  cooperation. 
You  men  who  are  in  the  manufacturing  of  road  oil,  asphalts,  must  market 
your  products  through  one  of  two  sources.  You  either  must  market  them 
direct  with  the  State  Highway  Departments  or  with  the  counties  or  some 
other  political  unit,  or  you  must  market  them  with  the  contractor  who 
takes  a contract  from  a governmental  unit. 

There  has  been  quite  a trend  in  the  past  six  years  which  to  the 
contractors  is  rather  alarming,  and  that  is  the  trend  toward  the  construc- 
tion of  highways  and  other  public  works  by  what  is  known  as  the  day 
labor  system.  I do  not  believe  that  the  material  and  machinery  and  other 
interests  have  considered  this  problem  as  seriously  as  they  should.  Naturally 
a man  who  is  selling  something  is  not  caring  so  much  whether  he  sells 
to  one  person  or  another,  so  long  as  he  sells  it  and  gets  his  money  out 
of  it. 

A great  many  of  the  companies  selling  products  of  the  kind  repre- 
sented here  lose  sight  of  the  trend  that  has  developed,  largely  due  to  our 
relief  situation,  toward  the  construction  of  public  works  by  day  labor. 
We  hope  that  you  will  give  some  thought  to  what  it  really  means  should 
the  trend  develop  beyond  its  present  status.  Should  the  public  decide  that 
they  want  to  do  all  of  their  public  work  without  having  a contractor, 
would  not  the  next  logical  step  be  that  they  would  decide  that  as  well 
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as  doing  contract  work  by  the  day  labor  system,  “Why  don’t  we  go 
ahead  and  take  over  the  asphalt  industry,  take  over  the  sand  and  gravel 
industry  and  the  rock  industry?  And,  why  stop  there?  Why  not  take 
over  all  industries.” 

There  are  too  few  business  men  in  the  country,  seeing  their  county 
boards,  their  township  boards  and  their  other  governmental  units  going 

out  and  building  roads  by  the  day  labor  political  system,  who  stop  to 
realize  that  that  is  only  one  step  toward  a socialistic  or  a communistic 
form  of  doing  business. 

The  general  public  feels  that  the  building  of  a road  is  a thing 

that  is  mighty  easy  to  do.  Every  man  at  some  time  in  his  lifetime  has 
ridden  on  a road,  lives  next  to  a road,  and  feels  that  he  knows  all  about 
roads.  You  who  are  highway  officials  realize  that  day  after  day  people 
come  into  your  offices  and  try  to  tell  you  more  about  the  roads  in  the 
state  than  you  are  supposed  to  know.  They  think  that  they  can  build 
a road  just  as  well  as  anybody. 

If  we  go  ahead  and  develop  further  the  day  labor  system  will  it 
not  tend  toward  the  point  where  they  will  do  away  with  engineering 

and  decide  that  anybody  can  build  a road:  “Let’s  just  go  out  and  built 

it!” 

That  situation  not  only  confronts  the  material  men  but  the  engineering 
profession  as  well.  The  contract  system  of  building  public  works  is  one 
that  has  developed  for  efficiency.  In  the  first  place  we  must  have,  in 
order  to  let  a contract,  a definite  specification  and  a complete  set  of 
plans.  Preliminary  investigation  must  be  made  which  requires  the  services 
of  an  engineer.  In  order  to  assure  the  public  that  they  are  going  to 
get  a dollar’s  worth  of  work  for  every  dollar  expended,  you  have  a public 
“letting.”  You  advertise  for  bids  and  you  let  the  work  to  the  lowest 
responsible  bidder.  In  that  manner  the  taxpayer  realizes  that  he  is 
going  to  pay  a definite  fixed  sum  of  money  for  the  project  being  under- 
taken. 

On  the  other  hand,  you  most  generally  start  out  on  the  day  labor  sys- 
tem without  any  preconceived  idea  of  what  you  are  going  to  do,  without 
any  definite  plan,  and  the  public  has  no  definite  knowledge  of  what  it 
is  going  to  cost,  and  neither  does  the  department  which  is  letting  the 
contract. 

The  argument  is  often  used  that  we  are  in  too  big  a hurry  to  prepare 
plans.  That  argument  may  stand  up  in  an  emergency,  where  a road  washes 
out,  a bridge  washes  out,  or  something  of  that  character  ; but  in  most  cases 
you  have  been  thinking  about  this  particular  project  for  several  years 
and  have  had  plenty  of  time  to  have  prepared  plans.  Some  engineers  feel 
that  by  doing  this  work  by  the  day  labor  system  you  are  strengthening 
yourself  with  the  public.  I doubt  very  much  if  that  will  prove  to  be  a 
fact  in  future  years.  Many  public  bodies  have  attempted  day  labor  construc- 
tion for  the  reason  that  they  secure  by  this  method  a more  direct  contact 
with  the  labor  on  the  job  and  by  so  doing  would  have  a greater  control 
over  their  votes  at  the  next  election.  That  is,  for  a time,  true ; but  in 
the  end  any  political  party  or  any  political  organization  that  wishes  to 
stay  in  power  in  any  of  our  units  of  government  must  show  to  the  public 
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that  the  work  which  it  is  doing  is  economical,  that  they  are  spending  the 
taxpayer’s  dollar  in  a proper  manner,  and  that  he  is  getting  value  re- 
ceived for  everything  that  is  spent. 

In  the  past  few  years  we  have  been  through  a sort,  of  hysteria  due 
to  the  relief  situation,  but  in  the  end  organizations  which  are  built  up 
on  a principal  of  “We  don’t  care  how  you  spend  the  money,  just  so  we 
keep  some  men  working”  are  going  to  react  to  the  detriment  of  those 
who  are  responsible  for  their  being  in  existence.  There  is  going  to  be  a 
reaction  among  the  thinking  people  of  this  country  and  most  of  the 
people  in  our  country  do  think,  if  they  are  allowed  to  do  so  without 
being  stirred  up  by  some  particularly  active  organization  or  by  some 
calamity  such  as  we  have  had  in  the  way  of  unemployment.  These  people 
are  going  to  realize  that  they  are  going  to  have  to  go  down  into  their 
own  pockets  to  pay  the  bill  and  are  going  to  wonder  if  the  Avork  done  by 
the  agencies  doing  the  work  by  day  labor  has  been  done  in  such  a manner 
that  they  have  received  their  money’s  Avorth  for  their  expenditure. 

It  is  not  my  intention  to  criticize  the  people  who  are  engaged  in 

necessary  relief  work,  but  I do  feel  that  the  methods  employed  are  fre- 
quently extravagant  and  that  construction  Avork  could  have  been  handled 
in  a much  better  manner  if  it  had  been  organized  on  the  basis  of  sound 
methods  Avhich  have  been  successful  in  the  past. 

In  the  early  stages  of  the  relief  problem  I attended  a national  meet- 
ing of  the  Associated  General  Contractors  of  America  in  which  Mr.  Harry 
Hopkins,  the  head  of  the  relief  department,  was  one  of  the  principal 

speakers.  For  several  days  prior  to  his  appearing  on  the  program  the 

contractors  discussed  that  we  were  in  an  emergency  and  we  should  offer 
the  services  and  the  organizations  of  the  contractors  to  the  Govern- 
ment, the  same  as  we  would  offer  them  in  case  of  war,  as  this  was  a 
war  on  the  depression.  It  was  agreed  that  we  would  offer  Mr.  Hopkins  the 
services  of  the  contracting  industry  and  tell  him  that  we  were  standing 
ready  and  willing  to  assist  him  by  turning  over  to  him  our  organiza- 
tions, our  equpiment  and  our  own  services  on  a very  nominal  and  es- 
tablished price  basis,  so  that  he  might  have  an  efficient  organization 

to  handle  the  construction  work  in  connection  with  relief. 

When  this  matter  was  presented  to  Mr.  Hopkins  he  said  very  definite- 
ly, “We  could  use  contractors,  but  we  won’t.”  There  is  no  logical  reason 
why  the  construction  industry  should  be  the  dumping  grounds  for  all 
of  our  relief  problems  or  that  we  should  attempt  to  assimilate  the  un- 
employed from  all  other  industries  to  the  exclusion  of  Avorkers  who 
have  been  trained  and  skilled  in  construction  work. 

We  should  all  stop  talking  about  needing  appropriations  for  con- 
struction work  for  relief.  We  need  appropriation  for  construction  work  in 
order  to  carry  out  needed  improvements,  and  they  should  handle  relief 
as  a social  matter.  Construction  projects  should  be  handled  under  the 
contract  system  by  engineers  and  construction  men. 

Large  corporations,  such  as  the  railroads,  never  attempt  to  enter  into 
construction  projects  of  any  magnitude  A\rithout  letting  contracts  to  men  Avho 
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are  skilled  and  trained  and  equipped  to  do  that  particular  class  of 
work. 

Major  Gen.  Lyttle  Browne,  who  was  once  head  of  the  U.  S.  Army 
Engineers  Corps,  when  asked  about  the  question  of  day  labor,  said,  “When 
I was  a young  man,  out  in  one  of  the  engineering  districts  doing  work,  I 
wanted  to  do  it  all  by  hired  labor;  I didn’t  want  the  contractor  to  have 
a look-in ; because  in  my  bumptiousness  and  conceit,  I thought  I could  do 
it  cheaper  than  any  contractor  could.  And  now,  even  today  I admire  that 
spirit  on  the  part  of  the  young  men  out  there  in  charge  of  work.  I admire 
that  spirit ; but  I do  not  admire  that  judgment,  because  their  field  of 
view  is  limited.  I feel  certain  that  in  the  long  run,  the  contractors  of  this 
country,  the  great  builders  of  this  country,  with  proper  encouragement, 
can  do  all  the  work  that  we  have  to  do  and  do  it  more  economically  than 
any  government  agencies  can  do  it.” 

At  the  start  of  the  relief  situation  the  Bureau  of  Public  Roads,  as 
you  know,  required  every  highway  department  to  build  one  job  by  the 
day  labor  system  after  that  particular  job  had  been  advertised  and  bids 
had  been  received.  The  records  of  the  Bureau  of  Public  Roads  show  very 
conclusively  that  the  greater  majority  of  these  jobs  would  have  been  built 
far  more  cheaply  by  the  contract  system  than  they  were  actually  built 
under  the  day  labor  system.  In  fact,  some  of  them  ran  as  high  as  eighty 
or  ninety  per  cent  above  the  low  bid  that  was  given  at  the  letting,  and 
in  one  state  the  Bureau  of  Public  Roads  was  obliged  to  withdraw  Federal 
aid  from  the  project  because  the  State  Highway  Department,  in  order  to 

keep  the  cost  below  the  bid,  was  violating  its  own  specifications.  This 

convinced  the  Bureau  of  Public  Roads  that  the  contract  system  was 
the  proper  way  to  do  work,  and  we  feel  sure  that  they  will  continue 
doing  their  work  along  that  line. 

To  leave  that  subject.  Of  course,  I can  not  keep  from  discussing  the 
day  labor  system  among  a group  of  engineers  and  contractors  as  it  is 
one  of  the  greatest  problems  with  which  we  have  been  confronted  in  the 
past  few  years — this  great  trend  that  we  have  had  toward  day  labor 

to  entirely  eliminate  from  construction  the  trained  contractors  with  their 
organizations  and  their  investments  in  equipment.  But  there  are  some  other 
observations  I would  like  to  make  to  you  as  well. 

Your  particular  type  of  construction,  is  one  of  the  leading  types 
of  road  construction  at  the  present  time.  The  trend  in  styles  of  road 

building  seem  to  rotate  from  a cheap  type  to  the  high-priced  type,  and 
then  back  to  a cheaper  type  of  road.  In  my  early  experience  we  were 
building  a great  amount  of  waterbound  macadam  roads.  Prior  to  the 
advent  of  the  automobile  the  waterbound  macadam  road,  the  turnpike, 
was  considered  a very  high  type  of  construction.  Engineers  tried  to  find 
some  way  of  eliminating  the  raveling  and  dust  hazard,  so  we  began 
to  build  the  bituminous  macadam  road. 

Then  came  the  cement  industry  and  the  brick  industry,  and  with  their 
promotional  facilities  they  showed  that  it  was  better  to  build  a higher 
and  more  expensive  type  of  road,  and  these  were  built  during  the  period 
when  money  was  more  plentiful  with  people  generally. 
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Then  along  came  the  depression,  and  we  have  dropped  back  to  the 
building  of  a type  of  road  which  can  be  built  with  less  cost  than  the 
high-priced  brick  and  concrete  roads,  and  I have  observed,  in  traveling 
over  the  country,  that  a large  mileage  of  our  roads  are  now  being  built 
by  some  kind  of  bituminous  method. 

The  contractor,  naturally,  is  not  as  much  interested  in  what  type 
of  road  is  built,  as  long  as  he  is  able  to  build  that  type  and  do  so  at  a 
profit.  But  he  is  interested  in  seeing  that  there  is  a sufficient  volume 
of  that  business  from  the  contractor’s  standpoint.  The  greatest  trouble, 
with  your  oil  or  other  type  of  bituminous  roads  is  the  shortness  of  the 
season  during  which  they  can  be  built.  We  are  obliged  to  equip  ourselves 
with  a lot  of  equipment  at  a large  investment ; yet  we  are  unable,  es- 
pecially in  the  North  and  central  part  of  our  country,  to  work  this  equip- 
ment for  any  great  length  of  time. 

A problem  is  to  find  what  to  do  with  this  equipment  and  with  our 
organizations  during  the  period  of  the  year  when  we  can  not  work  on 
bituminous  construction.  I hope  that  out  of  this  Conference  will  come  a 
study  of  some  method  of  handling  additional  work  with  the  kind  of 
equipment  that  is  used  in  constructing  the  oil  mat  or  bituminous  type  of 
road.  There  is  a field  in  which  the  contractors’  organization  can  be  used 
during  the  months  of  the  year  when  they  can  not  engage  in  bituminous 
construction.  That  is  in  the  maintenance  of  roads  by  contract. 

I believe  that  the  engineers  in  this  gathering  should  give  considerable 
thought  to  working  out  a method  whereby  considerable  maintenance  work 
that  is  being  done  by  the  day  labor  system  could  be  handled  by  a contract 
method.  We  have  in  the  State  of  Kansas  in  the  last  two  years  been  able 
to  contract  with  our  Highway  Department  for  a sizeable  volume  of  re- 
construction of  roads  which  formerly  had  been  done  by  the  day  labor 
method.  It  has  given  the  contractors  a volume  of  business  and  allowed 
them  to  keep  their  organizations  together  which  could  not  have  been 
accomplished  had  our  Highway  Department  not  gone  into  that  phase  of 
the  work  by  contract. 

In  that  respect  I feel  that  our  department  particularly  has  been  for- 
tunate in  securing  an  engineer  who  served  for  a period  of  years  in  the 
organization  of  a contractor.  If  every  highway  engineer  of  a state,  had 
some  experience  in  the  contracting  line,  it  would  be  better  both  for  the 
contractors  and  the  organizations  of  the  highway  departments. 

There  is  no  reason  why  there  should  ever  be  a serious  conflict  between 
engineers  and  contractors.  There  has  been  in  some  instances  antagonism 
between  the  two.  I believe  it  is  getting  less  and  less  each  year  as  the 
engineers  and  contractors  both  become  more  familiar  with  working  with 
each  other.  In  some  instances  the  professors  of  engineering  in  our  schools 
are  partially  responsible  for  this  situation.  They  sometimes  instruct  stu- 
dents in  engineering  that  when  they  get  out  into  the  field  of  engineering 
where  they  have  to  look  after  work  that  is  being  done  on  contract,  they 
must  watch  the  contractor,  that  he  is  a crook;  “You  have  to  watch 
him.” 

I have  not  found  that  to  be  the  case,  and  since  I have  been  on 
the  other  side  of  the  fence  I have  been  more  firmly  convinced  that  con- 
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tractors  as  a whole  are  just  as  interested  in  getting  a good  job  and 
building  up  a reputation  as  the  engineers  are  interested  in  getting  a good 
job.  And  if  you  both  start  out  with  that  in  view  and  the  contractors  and 
engineers  get  together  more  often,  as  you  do  in  meetings  of  this  kind, 
and  talk  over  your  problems  and  study  each  other’s  viewpoint,  you  will 
develop  a cooperative  system  of  working  rather  than  being  in  conflict 
with  each  other  on  the  job.  You  are  both  working  to  the  same  end. 
We,  as  contractors,  naturally  have  to  look  at  one  viewpoint  in  a certain 
respect,  and  you  as  engineers  have  to  look  at  another  viewpoint.  We  as 
contractors  naturally  are  more  vitally  interested  in  the  question  of  profit 
than  you  as  engineers  in  charge  of  the  work.  Our  continuance  in  business 
depends  upon  our  being  able  to  make  a profit  and  build  up  an  organiza- 
tion to  go  ahead  with  a larger  volume  of  work. 

You  as  engineers  are  naturally  looking  more  at  the  quality  of  the 
work.  You  are  trying  to  see  that  the  public  is  securing  what  they  are 
paying  for,  and  that  your  specifications  are  not  being  violated.  Those 
are  the  main  diverging  points  between  the  contractor  and  the  engineer. 
But  as  a whole,  if  the  two  who  are  on  the  job,  the  engineer  and  the 
contractor,  can  sit  down  and  talk  the  problem  over,  get  better  acquainted 
with  each  other,  most  of  our  difficulties  can  be  worked  out.  It  is  not 
necessary  for  them  to  throw  rocks  at  each  other  all  the  time  on  the 
job. 

Neither  is  it  necessary  for  the  contractor  to  try  to  slip  something  over 
on  the  engineer  when  he  is  not  on  the  job.  I do  not  believe  you  will 
find  that  sentiment  prevailing.  Our  contractors  have  developed  highly 
trained  organizations  and  in  most  organizations  in  our  section,  the  con- 
tractor himself  either  has  an  engineering  training  or  experience  as  an 
engineer,  or  employs  engineers  in  his  organization. 

In  drawing'  specifications  you  should  bear  in  mind  what  the  possibilities 
are  for  the  contractor  to  do  the  work.  In  setting  time  limits  on  a job  they 
should  not  be  set  too  short.  Give  the  contractor  fair  consideration ; analyze 
the  job  as  to  what  the  average  contractor  should  do ; not  what  the  best 
contractor  in  your  state  or  section  could  do  but  what  the  average  man 
should  do,  and  set  the  time  limits  accordingly.  There  will  be  less  argument 
at  the  end  when  he  comes  in  and  tells  you  why  he  couldn’t  get  the 
job  done. 

The  manufacturers  of  bituminous  materials  should  consider  the  ques- 
tion of  demurrage  on  the  use  of  your  tank  cars,  with  a view  toward 
fairer  regulation.  Road  work  involving  the  use  of  bituminous  materials 
is  something  that  is  greatly  affected  by  condition  of  the  weather.  In  order 
to  keep  a steady  supply  of  this  material  it  is  necessary  that  we  place 
our  orders  well  in  advance.  These  cars  may  be  several  days  enroute,  and 
before  we  can  get  them  stopped  we  will  have  a large  accumulation  of 
cars  and  in  the  event  we  are  shut  down  on  the  road  more  than  the 
free  time  allowed  by  the  regulators  the  railroad  comes  to  us  for  demur- 
rage, even  though  we  can  not  work  on  the  road. 

We  have  contended  with  railroad  officials  that  demurrage  on  tank 
cars  is  the  most  unfair  demurrage  they  can  collect.  They  do  not  own 
the  cars  and  they  have  no  real  right,  in  the  estimation  of  the  contractors, 
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to  collect  demurrage  on  these  cars.  The  members  of  the  oil  industry  should 
cooperate  with  the  contractors  to  secure  a fairer  demurrage  regulation. 
The  only  way  we  can  escape  showing  demurrage  on  cars  is  to  show  that 
there  is  actual  weather  interference  during  the  time  the  cars  are  de- 
tained, but  as  you  know,  in  this  work  there  will  be  several  days  after 
the  weather  interference  when  we  can  not  pour  oil  or  put  on  asphalt, 
during  the  time  that  the  road  surface  and  the  materials  are  getting  dry 
enough  so  that  we  can  apply  oil.  I believe  that  we  should  ask  the  co- 
operation of  members  of  the  oil  industry  in  attempting  to  secure  fair  de- 
murrage regulations  on  the  shipment  of  tank  cars. 

I have  nothing  more  in  mind  today  to  talk  to  you  about  from  the 
contractor’s  viewpoint,  but  to  say  that  the  highway  contractors  are  very 
happy  to  have  the  business  of  building  bituminous  roads.  We  hope  you 
will  continue  the  building  of  your  type  of  road  and  that  we  may  be 
privileged,  as  contractors,  to  build  them  for  you. 
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Research  Attack  On  Bituminous  Road  Problems 

By 

R.  W.  CRUM,  Director 
National  Highway  Research  Board 
Washington,  D.  C. 

I take  as  my  text  this  morning  the  fol- 
lowing excerpt  from  an  editorial  review 
of  the  recent  International  Road  Congress 
in  Roads  and  Road  Construction,  a British 
magazine : 

“The  seekers  of  the  perfect  bitumi- 
nous road  have  a more  difficult  job 
than  their  colleagues  working  on  (port- 
land  cement)  concrete.  There  is  only 
one  binding  agent  in  concrete  and  it 
behaves  according  to  well  established 
rules  which  are  relatively  so  simple  that 
even  engineers  are  beginning  to  under- 
stand them.  Bituminous  binders  are 
legion ; they  are  composed  of  obscure 
hydro  carbons  with  sesquipedalian 
names  and  their  behavior,  if  not  en- 
tirely unpredictable  is  at  least  vari- 
able enough  to  add  a spice  of  adven- 
ture to  those  who  are  trying  to  unravel  the  mysteries.  Apparently 
to  prevent  the  thing  from  becoming  too  easy,  moreover,  the  workers 
in  different  laboratories  have  allowed  a state  of  complete  chaos  to 
arise  in  the  methods  by  which  the  various  materials  are  tested  and 
identified.” 

I have  nothing  new  to  say  about  the  needed  research  in  asphaltic 
materials.  The  needs  of  the  situation  are  well  known  to  highway  tech- 
nologists. But  in  view  of  the  lack  of  progress  in  attacking  the  funda- 
mental questions,  the  only  way  I can  see  of  furthering  the  cause  is 
to  reiterate  on  every  possible  occasion  the  fact  that  we  are  entirely 
unable  to  specify  the  characteristics  that  these  materials  should  have  to 
assure  satisfactory  results  in  road  and  street  surfaces. 

All  we  have  are  methods  for  identifying  certain  characteristics  that 
presumably  were  had  by  other  materials,  wThich  were  used  some  rather 
distant  day  in  the  past  when  the  materials  came  from  a few  sources  and 
were  used  mostly  in  the  form  of  asphalt  cement.  We  are  perhaps  not 
so  badly  off  in  this  country  as  the  quoted  editorial  would  indicate  for  a 
good  job  has  been  done  toward  standardizing  identification  tests,  but 
they  are  still  just  that. 

In  the  United  States  we  are  using  annually  in  road  work  about  four 
million  tons  of  asphaltic  products  at  a cost  of  thirty-eight  million  dollars 
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for  the  materials  alone,  to  say  nothing  of  the  value  of  the  roads  in  which 
they  are  used.  Isn’t  it  about  time  that  a concerted  effort  be  made  to 
unscrew  the  inscrutable  behavior  of  these  materials?  Even  a small  per- 
centage of  failures  runs  into  big  money. 

I recognize  the  vast  amount  of  brilliant  work  that  has  been  done  to 
work  out  applications  of  bituminous  materials  to  the  wide  variety  of  physi- 
cal and  economic  conditions  prevalent  on  the  highways  of  this  country. 
Indeed,  considering  our  inability  to  write  determinative  specifications 
for  the  binder  materials,  progress  has  been  almost  unbelievable. 

From  the  scientific  standpoint,  asphalt  suffers  under  the  handicap 
of  being  a by-product.  But,  it  is  the  by-product  of  an  industry  that  de- 
pends to  an  enormous  extent  upon  highway  transportation  for  the  market 
tor  its  principal  products  and  I am  unable  to  see  any  logic  in  the  ap- 
parent lack  of  interest  of  the  petroleum  industry  in  the  efforts  of  the 
engineers  and  scientists  to  reach  assurance  of  durability  commensurate 
with  costs. 

Although  your  presence  at  this  conference  testifies  to  your  faith  in 
the  value  of  bituminous  road  materials,  your  presence  also  testifies  to 
your  concern  over  the  fact  that  the  jobs  are  not  always  completely  suc- 
cessful and  that  the  record  of  failures  is  impressive  enough  to  point  out 
a serious  situation. 

Some  time  ago  the  Highway  Research  Board  prepared  a prospectus  for 
a research  project  based  on  the  need  for  determinative  specifications 
and  tests  of  asphaltic  materials  in  which  it  was  said : 

“There  is  a great  need  for  a fact  finding  investigation  to 
show  the  relations  of  the  characteristics  of  asphaltic  materials  to 
the  service  records  of  road  surfaces  in  which  they  are  used. 

“The  primary  objective  of  such  an  investigation  would  be  the 
acquisition  of  information  upon  which  more  rational  specifications 
for  materials  could  be  based. 

“The  specifications  in  use  for  asphaltic  materials  are  not  satis- 
factory for  the  reason  that  they  do  not  depend  upon  characteris- 
tics of  known  relation  to  service  behavior  of  road  surfaces.  They 
have  always  depended  upon  tests  for  identification  of  certain  proper- 
ties or  constituents.  There  are  two  kinds  of  identification  tests  that 
may  be  used.  One  is  intended  to  identify  certain  properties  which 
asphalts  that  have  given  satisfactory  service  are  known  to  possess; 
the  other  is  for  the  purpose  of  controlling  the  source  of  the  ma- 
terial or  its  treatment  during  production.  The  first  type  has  a valid 
place  in  practice,  but  as  yet  our  knowledge  in  this  respect  is  in- 
adequate. The  development  of  more  rational  specifications  for  as- 
phaltic materials  requires  greater  knowledge  of  the  relations  of 
identifiable  characteristics  to  service  behavior  than  we  now  have. 

The  only  excuse  for  the  second  type  of  identification  tests  is  the 
lack  of  quality  requirements  that  will  assure  satisfactory  results.  It 
is  lamentable  that  our  knowledge  of  asphalt  and  its  use  is  still  in 
such  a state  that  many  engineers  feel  that  they  must  rely  upon  such 
restrictive  methods.  It  Is  not  good  engineering  to  be  unable  to  use 
the  most  available  material  of  satisfactory  quality  and  it  is  not  good 
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business  to  restrict  competition  when,  by  so  doing,  good  materials 
are  excluded. 

“More  determinative  tests  that  measure  directly  properties 
that  affect  the  serviceability  of  asphaltic  road  surfaces  are  entirely 
lacking,  and  to  devise  them  will  require  development  of  an  entirely 
new  field  of  research.  For  instance,  an  accelerated  test  for  the 
weathering  characteristics  of  various  kinds  of  asphaltic  materials 
and  their  combinations  would  be  extremely  useful.  Further  re- 
search into  the  exact  way  in  which  asphalt  performs  its  func- 
tion of  holding  the  aggregates  together  against  the  forces  of 
nature  and  the  loads  imposed  by  vehicles  should  indicate  tests 
directly  related  to  this  function. 

“The  fact  that  asphalt  technologists  have  been  struggling 
with  this  problem  for  half  a century  demonstrates  that  the  solu- 
tion is  far  from  easy.  It  is  indeed  a most  complicated  and  intricate 
affair,  but  we  are  not  ready  to  concede  that  it  is  unsolvable. 

“An  examination  of  the  records  is  an  essential  preliminary  to 
any  further  development  of  rational  specifications  or  to  further 
research  work  on  unknown  or  not  understood  factors.  Study  of  the 
causes  of  failure  as  well  as  reasons  for  success  should  be  illuminat- 
ing. It  will  probably  be  found  that  in  very  many  instances  usable 
information  concerning  the  materials  is  lacking.  However,  if  enough 
cases  are  examined  it  is  probable  that  an  adequate  number  with 
significant  data  will  be  found.” 

The  support  necessary  for  such  a project  has  never  been  found,  but 
the  Committee  on  Characteristics  of  Asphalts  of  the  Highway  Research 
Board,  of  which  Mr.  E.  F.  Kelley  is  Chairman,  explored  this  situation 
briefly  by  means  of  a questionnaire,  with  very  illuminating  results.* 

The  questionnaire  was  distributed  to  189  individuals,  of  whom  91 
replied. 

It  was  apparent  from  the  replies  that,  “failures  or  unsatisfactory 
results  in  asphaltic  highway  construction  attributable  to  the  use  of  as- 
phaltic material  of  poor  quality  are  sufficiently  prevalent  to  merit  serious 
consideration.” 

The  report  goes  on  to  summarize  as  follows : 

“The  occurrence  of  failures  or  unsatisfactory  results  from  this 
cause  is  not  localized  but  is  found  in  practically  all  sections  of  the  country.” 
“Trouble  with  the  use  of  cracked  asphaltic  products  appears  to  be 
more  prevalent  than  with  uncracked  products.” 

“Among  the  asphalt  cements  the  harder  grades  appear  to  be  the 
chief  source  of  such  unsatisfactory  results  as  reported.” 

“Trouble  with  the  liquid  asphaltic  products  is  not  limited  to  any 
particular  types  or  grades  but  appears  to  be  more  prevalent  with  cracked 
than  with  uncracked  materials.” 

“Cracking  of  the  asphalt  construction  or  treatment,  and  drying  out 
with  ravelling  or  dusting  seem  to  be  the  principal  types  of  failure  at- 
tributed to  poor  quality  of  the  asphaltic  products.” 

♦Report  of  Committee  on  Characteristics  of  Asphalts,  Proceedings,  Highway  Research 
Board,  Vol.  17,  p.  328. 
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“Hardening  and  increased  brittleness  of  the  asphalt  were  the  most 
frequently  observed  changes  in  the  asphalt  producing  unfavorable  re- 
sults.” 

Consideration  of  these  observed  results  leads  to  the  pertinent  question 
— why?  Which  means  research. 

The  Committee  suggested  an  approach  through  the  “development  or 
standardization  of  some  rapid  laboratory  method  of  determining  the  rela- 
tive resistance  of  asphaltic  products  to  hardening  and  other  changes.’ ’ 
It  further  recommended  correlation  of  such  a test  with  service  behavior 
of  asphalts  and  the  selection  of  limiting  values  for  the  test  for  use  in 
specifications. 

Now — what  can  be  done?  I believe  two  major  efforts  are  indicated. 

(1)  I am  still  convinced  of  the  need  for  a thorough  fact  finding  survey 
of  national  scope,  for  it  is  not  probable  that  all  pertinent  factors  were  dis- 
closed by  the  cursory  questionnaire  investigation  I have  quoted. 

(2)  A correlated  laboratory  attack  based  upon  the  revelations  of 
the  fact  finding  survey  is  needed  to  discover  ways  to  measure  the  abilities 
of  the  bituminous  materials  used  in  mixtures  for  road  surfacing  to  coat 
the  particles  of  mineral  aggregate,  to  adhere  to  them  and  bind  them  firmly 
together  and  to  resist  disintegration.  For  instance,  we  need  to  know  why 
some  identification  tests  will  provide  for  the  use  of  satisfactory  materials 
although  by  the  same  test  other  materials  that  would  be  satisfactory  are 
excluded.  We  need  to  extend  the  work  being  done  on  correlation  of  char- 
acteristics as  measured  by  ordinary  laboratory  methods  with  the  properties 
of  bituminous  paving  mixtures.  We  need  to  study  the  sources  of  ma- 
terials to  determine  how  the  characteristics  of  crude  oils  influence  the 
quality  of  the  finished  product.  The  effects  of  refinery  processes  should 
also  be  investigated.  Little  can  be  foretold  about  the  characteristics  of 
bituminous  materials  that  influence  resistance  to  weathering  from  present 
test  methods.  We  know  that  heating,  mixing  and  placing  asphaltic  mix- 
tures alters  their  characteristics,  but  how  can  these  effects  be  measured? 
And  then  beyond  the  study  of  the  characteristics  of  the  bituminous  ma- 
terials themselves  lies  the  vast  field  of  their  combination  with  other  ma- 
terials ranging  from  common  soil  to  elaborately  graded  aggregates.  Mr.  E.  F. 
Kelley  discussed  these  factors  more  thoroughly  in  his  paper  on  “Needed 
Research  on  Asphaltic  Road  Material  at  the  1935  meeting  of  the  Highway 
Research  Board. # 

When  means  can  be  found  by  which  the  characteristics  of  asphalts 
that  affect  its  ability  to  coat  aggregate  particles,  to  bind  them  firmly  to- 
gether, to  stick  to  them  permanently  and  to  resist  the  disintegrating  in- 
fluences of  weather,  can  be  measured,  two  most  important  benefits  will 
be  immediately  apparent.  We  will  be  able  to  write  quality  specifications 
for  materials  to  meet  particular  service  conditions  and  we  will  have  some- 
thing to  go  on  in  developing  technique  for  the  proper  use  of  the  most 
available  materials.  The  latter  point  deserves  emphasis:  it  is  engineering 
at  its  best  when  proper  methods  can  be  devised  for  the  utilization  of  the 
most  economically  available  material.  Any  one  can  write  a specification 


♦Proceedings,  Highway  Research  Board,  Vol.  15,  p.  261. 


—28— 


that  will  require  the  use  of  special  material  brought  from  a distance  at 
great  cost,  but  it  takes  knowledge  to  do  the  other  thing  successfully. 
Surely  the  possession  of  such  knowledge  would  profit  both  producers 
and  consumers  alike. 

Research  Organization 

None  of  these  things  can  be  done  without  the  sincere  cooperation  of 
both  the  producers  and  users  of  these  materials.  The  road  builders  know 
most  about  use  conditions,  but  service  can  be  vitally  affected  by  source 
of  raw  material  and  production  processes,  and  so  their  knowledge  must 
be  combined  with  that  of  the  refiners  if  we  are  ever  to  reach  the  goal. 
To  make  progress  beyond  the  extremely  slow  advance  of  the  past  50  years 
will  require  coordinated  effort. 

There  are  numerous  agencies  now  active  in  research  wTork  that  will  prob- 
ably be  glad  to  fit  their  efforts  into  the  general  picture  and  no  subsidy 
should  be  needed  for  this,  the  larger  part  of  the  job.  But  some  means 
should,  be  found  to  organize  a general  agency  that  can  conduct  the  neces- 
sary fact  finding  surveys,  plan  and  correlate  the  specific  research  projects 
and  publicize  findings  and  recommendations.  This  agency  must  be  sub- 
sidized for  I do  not  know  of  any  organization  in  this  field  which  is 
competent  to  represent  all  interests  impartially  on  a national  scale  that 
is  equipped  with  funds  for  such  a project. 

I am  not  here  to  promote  the  Highway  Research  Board  as  an  agency 
for  this  purpose,  although  it  is  a type  of  work  for  which  the  organization 
was  set  up.  There  are  others  that  could  do  the  job.  However,  in  order  to 
clarify  the  matter  with  respect  to  how  the  Board  may  function  in  such 
a situation,  I should  like  to  take  a few  minutes  to  describe  our  organiza- 
tion and  how  it  would  function  in  operating  such  a project. 

The  purpose  of  the  Highway  Research  Board  is  to  provide  a national 
clearing  house  for  highway  research  activities  and  information. 

In  its  practical  workings  the  functions  of  the  Board  have  been : to 
provide  a forum  for  the  discussion  and  publication  of  the  results  obtained 
by  individual  research  workers ; to  organize  committees  of  experts  to  plan 
and  suggest  research  work  and  to  study  and  correlate  results;  to  publish 
and  disseminate  research  information ; to  provide  a research  information 
service ; and  to  carry  on  fact  finding  investigations  when  possible. 

The  Board  is  organized  as  a project  of  the  Division  of  Engineering  and 
Industrial  Research  of  the  National  Research  Council.  The  membership 
consists  of  the  representatives  of  35  technical  and  commercial  associa- 
tions and  organizations  of  national  scope. 

Much  of  the  technical  work  is  done  by  committees  of  specialists  and 
recognized  authorities  which  are  organized  under  seven  departments : Ad- 
ministration and  Finance,  Highway  Transportation  Economics,  Design,  Ma- 
terials and  Construction,  Maintenance,  Traffic,  and  Soils  Investigations.  The 
members  of  these  Departments  are  outstanding  men  in  their  fields.  Special 
committees  are  appointed  from  time  to  time  to  carry  on  specific  projects. 

Regular  contacts  are  maintained  with  all  State  highway  departments, 
with  the  engineering  colleges  and  with  many  city  engineering  depart- 
ments, through  regularly  appointed  contact  men. 
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Although  the  Board  is  not  set  up  to  be  in  itself  a working  research 
agency,  its  organization  as  a part  of  the  National  Research  Council  makes 
it  possible  to  furnish  auspices  under  which  fact  finding  surveys  of  na- 
tional scope,  scientific  in  character  and  impartial  in  their  findings  can 
be  carried  on.  Numerous  special  projects  have  been  organized  and  com- 
pleted with  the  cooperation  and  financial  assistance  of  other  interested 
parties.  The  detail  work  has  usually  been  done  by  a special  investigator 
employed  for  that  purpose  by  the  Board,  under  the  supervision  of  a com- 
mittee of  the  best  informed  men  available. 

The  Board  is  not  an  endowed  institution  and  it  has  no  general  funds 
for  the  conduct  of  research  projects.  Each  one  of  these  must  be  indi- 
vidually financed. 

Through  years  of  experience  a procedure  for  the  conduct  of  special 
investigations  has  been  evolved  that  brings  the  best  thought  in  the  country 
to  bear  upon  a problem  and  produces  well  considered  results. 

For  the  first  step  a number  of  men  through  the  country,  represent- 
ing all  interests  and  well  qualified  to  have  worth  while  thoughts  upon 
the  problem  are  invited  to  attend  a conference.  At  this  meeting  all  phases 
of  the  situation  are  thoroughly  discussed  and  a record  of  the  discussions 
made.  This  record  is  then  transcribed  and  edited  and  sent  to  the  men  who 
were  present  for  corrections  and  further  comment.  A committee  of  work- 
able size  is  then  appointed  to  draw  up  an  analysis  of  the  problem  and 
outline  procedure  for  the  investigational  work  based  upon  the  concensus 
developed  at  the  conference. 

If  arrangements  have  been  made  to  carry  on,  an  advisory  committee 
is  then  appointed  for  the  duration  of  the  job,  a special  investigator  and 
the  necessary  staff  is  employed  and  the  work  started  in  accordance  with 
the  agreed  upon  procedure.  Although  all  legitimate  interests  should  be 
represented  upon  this  advisory  committee,  the  guiding  principle  is  to 
secure  the  help  of  the  men  throughout  the  country  best  qualified  by  train- 
ing, experience  and  achievement  to  bring  impartially  constructive  thought 
to  bear  upon  the  problems  as  they  arise. 

Men  of  the  type  we  want  for  an  advisory  committee  are  busy  with 
important  affairs  and  we  must  not  impose  too  much  upon  their  public 
spirit,  so  it  is  necessary  to  staff  the  project  with  real  research  men  who 
do  not  need  too  much  detailed  direction ; but  the  advice  of  the  com- 
mittee is  invaluable  in  dealing  with  the  larger  developments  as  they 

occur. 

Of  course,  all  reports  are  submitted  to  the  advisory  committee  for 
fine-tooth  scrutiny  so  that  when  the  results  are  made  public  we  may 

feel  sure,  although  the  final  and  complete  answers  may  not  be  reached 
(they  seldom  are),  that  they  are  technically  and  scientifically  sound. 

I have  been  talking  about  an  ambitious  program.  Needless  to  say, 
the  Highway  Research  Board  would  be  glad  to  have  a part  in  such  a 
one : but  large  or  small  I assure  you  our  business  is  to  try  to  be  helpful 
in  any  way  possible. 

Yes,  — asphalts,  oils  and  tars  are  immensely  important  road  build- 
ing materials  with  impressive  records  of  service  behind  them,  but — we 

have  scarcely  started  to  learn  all  that  we  should  know  to  use  them  to 

the  best  advantage. 
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Progress  in  Research  as  Related  to  the  Construction  and 
Maintenance  of  Bituminous  Surfaces 

By 

N.  W.  McLEOD,  Research  Engineer, 

Department  of  Highways  and  Transportation, 

Regina,  Saskatchewan,  Canada 


The  very  fine  address  on  Research  presented  this  morning  by  Mr. 
Crum  of  the  Highway  Research  Board,  was  an  excellent  prelude  to  this 
afternoons’  program.  Those  of  you  who  heard  it,  can  not  fail  to  be  im- 
pressed with  both  the  importance  of,  and  the  necessity  for  research  in 
modern  highway  engineering  developments. 

In  connection  with  the  review  I am  about  to  present,  it  should  be 
emphasized  that  this  is  merely  a summary  of  the  many  excellent  papers  pre- 
pared for  the  Conference  by  the  members  of  the  Committee  on  Research. 
Any  credit  for  the  material  appearing  in  this  brief  survey  of  “Progress 
in  Research  as  Related  to  the  Construction  and  Maintenance  of  Bitumi- 
nous Surfaces,”  is  therefore  due  to  these  Committee  members,  who  have 
managed1  somehow  to  find  time  during  the  busy  construction  season  to 
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prepare  tlie  many  interesting  papers  you  will  have  the  opportunity  of 
studying  in  the  printed  proceedings  later  on.  It  is  not  possible  in  this 
short  review  to  do  justice  to  any  one  of  these  well  written  papers. 


The  topics  upon  which  papers  have  been  prepared  by  members  of 
the  Research  Committee  can  be  divided  into  four  major  divisions : 

(1)  Soils  and  Soil  Stabilization. 

(2)  Bituminous  Mixtures. 

(3)  Bituminous  Materials. 

(4)  Research  Applied  to  Maintenance. 


In  this 
given. 


review  these  four  divisions  will  be  dealt  with  in  the  order 


SOILS  AND  SOIL  STABILIZATION 


The  papers  contributing  to  progress  in  research  on  soils  and  soil 
stabilization  will  be  considered  under  the  sub-headings  of: 

(a)  Soil  Mechanics. 

(b)  Soil  Classification. 

(c)  Soil  Stabilization. 

(a)  Soil  Mechanics. 

Professor  Housel  of  the  University  of  Michigan  and  the  Michigan 
State  Highway  Department,  has  prepared  a paper  on  “ Developments 
in  Soil  Mechanics  as  Related  to  the  Design  and  Construction  of  Bitumi- 
nous Surfaces.” 

Considering  a bituminous  surface  as  a slab  resting  on  a soil  founda- 
tion, Professor  Housel  reviews  those  problems  upon  which  investigation 
has  been  and  is  being  concentrated,  in  order  to  obtain  immediate  bene- 
ficial results. 

He  first  considers  those  problems  concerning  the  subgrade  soil  or  the 
foundation  for  the  surface. 

Because  of  the  deleterious  effects  of  water  on  bearing  capacity  and 
other  soil  properties,  there  have  been  developed,  largely  through  the 
research  of  the  U.  S.  Bureau  of  Public  Roads,  the  plastic  and  liquid 
limit  tests  for  evaluating  water  holding  and  binding  capacity,  and  the 
various  criteria  for  evaluating  volumetric  changes  in  the  soil  with  changes 
in  moisture  content. 

Because  of  the  detrimental  effects  of  certain  soil  freezing  phenomena, 
some  interesting  research  has  been  carried  out  in  an  endeavor  to  ex- 
plain these,  leading  to  the  constant  frost  line  theory  of  Taber  and  the 
fluctuating  frost  line  theory  of  Benkelman  and  Olmstead.  Both  sets  of 
investigations  indicate  that  soils  of  silt  texture  should  be  removed  from 
the  subgrade  to  the  lower  limit  of  the  frost  line.  Taber  to  the  contrary, 
Benkelman  and  Olmstead  have  demonstrated  conditions  under  which  the 
coarse  textured  sands  and  gravels  may  cause  frost  heaving,  and  indicate 
the  possible  necessity  for  lowering  the  water  table  below  the  frost  line  even 
in  these  soils. 
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Accumulation  of  capillary  water  in  a clay  sub  grade  soil  immediately 
underlying  a bituminous  surface  may  lead  to  its  failure  because  of  an 
increase  in  soil  volume  and  a decrease  in  bearing  capacity. 

In  discussing  the  bearing  capacity  of  soils,  with  which  the  science 
of  soil  mechanics  is  chiefly  concerned,  it  is  necessary  to  divide  soils  into 
two  groups,  granular  and  cohesive,  because  the  factors  of  soil  resistance 
are  different  for  each  group. 

There  are  two  distinct  schools  of  thought  concerning  the  bearing 
capacity  of  cohesive  soils. 

One  school,  sponsored  by  Professor  Housel  himself,  holds  that  bearing- 
capacity  is  controlled  by  the  shearing  resistance  of  the  soil,  and  when 
failure  occurs,  it  is  due  to  plastic  flow  of  the  soil  because  its  yield  value 
is  exceeded  by  the  applied  load.  This  conception  recognizes  that  there 
is  some  consolidation  of  a soil  for  any  load,  but  emphasizes  that  condi- 
tions of  equilibrium  may  occur  without  continuous,  progressive,  settle- 
ment. 

The  other  school  of  thought,  sponsored  by  Terzaghi,  believes  that 
bearing  capacity  is  controlled  by  consolidation  alone,  and  excludes  the 
possibility  of  failure  by  plastic  deformation.  They  question  the  possibility 
of  a definite  shearing  resistance  for  plastic  soils,  and  point  to  the  present 
unsatisfactory  status  of  shear  tests  in  upholding  their  views. 

While  there  is  no  universally  accepted  procedure  for  measuring  the 
shearing  resistance  of  soil  materials,  some  methods  have  been  developed 
and  used  in  actual  practice.  Sponsored  by  the  A.S.T.M.,  some  twenty  labora- 
tories are  now  collaborating  in  an  endeavor  to  standardize  these  shear 
tests.  Professor  Housel  developed  the  penetration  method  for  evaluating 
the  shearing  resistance  and  bearing  capacity  of  cohesive  soils  some  years 
ago.  This  method  for  determining  the  bearing  capacity  of  these  soils 
has  given  very  gratifying  results  in  the  foundation  design  for  a number 
of  engineering  structures. 

For  soils  consisting  of  granular  materials,  there  is  again  a diversity 
of  opinion  as  to  the  factors  of  soil  resistance  controlling  bearing  capacity. 
For  many  years  the  bearing  capacity  of  granular  materials  has  been 
considered  a function  of  internal  friction.  However,  as  a result  of  research 
carried  out  at  the  University  of  Michigan  on  the  stability  of  granular 
materials,  Professor  Housel  has  concluded  that  the  bearing  capacity  of 
granular  materials  depends  not  on  internal  friction,  but  on  the  arching 
action  or  mutual  support  of  adjacent  particles  in  a granular  mass. 

The  two  tests  used  to  evaluate  the  stability  of  granular  materials 
are  the  stabilometer  test  and  a shear  test. 

The  stabilometer,  as  adapted  in  Michigan,  measures  the  relationship 
between  an  applied  load  and  the  lateral  pressure  supporting  a sample, 
when  it  is  tested  to  failure. 

The  ability  of  a bituminous  surface  to  distribute  a vertical  load  depends 
upon  the  shearing  resistance  of  the  mat.  Test  procedures  for  measuring 
the  shearing  resistance  of  granular  materials  or  bitumionus  mixtures  have 
been  developed  by  a number  of  investigators.  The  A.S.T.M.  are  at  present 
endeavoring  to  standardize  a test  for  measuring  the  shearing  resistance  of 
granular  as  well  as  cohesive  materials. 
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Several  recent  developments  in  testing  technique  have  not  received 
the  attention  they  merit.  Vokac  has  demonstrated  that  the  effect  of  both 
the  rate  of  loading  and  the  dimensions  of  the  specimen  must  be  evaluated 
in  making  compression  tests  of  bituminous  mixtures.  While  this  requires 
the  preparation  of  a large  number  of  identical  specimens,  the  introduction 
of  testing  apparatus  equipped  with  automatic  control  of  rate  of  loading, 
and  automatic  recording  devices,  considerably  reduces  the  laborious  nature 
of  the  task  of  making  these  compression  tests. 

Professor  Housel’s  paper  on  “The  Design  of  Flexible  Surfaces”  is 
too  well  known  to  require  more  than  a reference  to  it  here.  This  theory 
of  design  has  recently  been  subjected  to  trial  when  the  Michigan  State 
Highway  Department  conducted  an  extensive  series  of  load  tests  on  a 
flexible  bituminous  surface  over  both  clay  and  sand  subgrades.  While  the 
analysis  of  these  tests  is  not  yet  complete,  there  appears  to  be  substantial 
agreement  between  the  theoretical  design  formulae  and  the  data  taken 
in  those  field  tests. 

In  concluding  his  paper,  Professor  Housel  points  out  that  most  state 
highway  departments  and  other  engineering  organizations  have  already 
equipped  themselves  with  both  facilities  and  personnel  for  putting  into 
practice  pertinent  developments  in  soil  mechanics  research,  and  that  rapid 
progress  in  the  further  development  and  utilization  of  the  principles  of 
soil  mechanics  by  highway  engineers  may  be  confidently  expected. 

Because  it  presents  a viewpoint  directly  opposed  to  that  of  Professor 
Housel,  a paragraph  in  Professor  Crandell’s  paper  should  be  included  here. 
Speaking  of  the  value  of  the  shear  test  on  soils  Professor  Crandell  writes, 
“It  has  been  apparent  that  the  original  investigators  have  set  great  store 
on  shear  as  the  answer  to  the  problem  of  stabilization.  Many  pages  are 
filled  with  formulae  for  figuring  shear.  Yet  the  interesting  fact  is  that 
all  too  frequently  the  mathematically  derived  answer  does  not  agree  with 
observed  results  as  to  the  behavior  of  the  soil  in  field  tests.  What  is 
wrong?  The  engineer  has  been  treating  soil  as  though  it  were  a struc- 
tural member  of  a bridge,  and — it  isn’t.” 

In  concluding  this  brief  review  of  developments  in  soil  mechanics, 
the  fine  discussion  of  the  variables  to  be  considered  in  applying  the  prin- 
ciples of  soil  mechanics  to  the  design  of  flexible  surfaces,  given  in  a 
paper  presented  by  Nevitt  at  last  December’s  meeting  of  the  Assocation 
of  Asphalt  Paving  Technologists,  should  be  mentioned. 

(b)  Soil  Classification. 

Highway  engineers  in  general,  are  so  well  acquainted  with  the  very 
fine  work  of  the  U.  S.  Bureau  of  Public  Roads  in  their  endeavor  to  suitably 
classify  soils,  that  it  may  be  a distinct  surprise  to  some  that  any  other 
system  of  soil  classification  could  have  any  value  in  highway  engineering. 

During  the  time  when  the  Bureau  of  Public  Roads  system  of  soil 
classification  was  being  developed,  Highway  engineers  in  the  State  of 
Michigan  were  endeavoring  to  utilize  a system  for  classifying  soils  which 
was  being  even  then  almost  universally  used  by  soil  scientists,  the  pedological 
system.  Anyone  who  takes  the  time  to  thoroughly  study  the  present 
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well-developed  status  of  the  work  of  the  soil  engineers  in  that  State,  can- 
not fail  to  be  impressed  by  the  great  utility  of  this  latter  system  of  classifi- 
cation. 

Mr.  0.  L.  Stokstad,  Engineer  of  Soils  for  the  Michigan  State  High- 
way Department,  describes  this  system  and  its  use,  and  compares  it  critically 
with  other  system  of  soil  classification  in  his  paper,  “A  Critical  Evalua- 
tion of  Systems  of  Soil  Classification  as  Applied  to  Highway  Engineering.” 

Stokstad  defines  the  main  purpose  of  soil  classification  to  be 
the  providing  of  soil  information  through  the  organization  of  data  with- 
out the  necessity  for  continuous  sampling  and  testing.  He  states  that  the 
important  need  for  classification  no  longer  exists  insofar  as  a particular 
problem  is  concerned,  if  its  solution  is  already  provided  by  laboratory 
test  results.  For  this  reason  the  usefulness  of  the  Bureau  of  Public  Roads 
system  of  classifying  soils  into  eight  groups  on  the  basis  of  laboratory 
tests  is  definitely  limited. 

The  published  reports  on  soil  investigations  for  highway  engineering 
have  been  largely  concerned  with  such  individual  and  usually  unassociated 
problems  as  frost  heaving,  drainage,  bearing  capacity,  fill  construction 
and  soil  stabilization,  together  with  a discussion  of  the  test  procedures 
involved.  Far  from  sufficient  emphasis  has  been  placed  upon  becoming 
acquainted1  with  the  properties  of  soils  as  they  exist  in  the  field  and  are 
encountered  during  highway  construction  operations. 

Stockstad  believes  that  test  results  are  not  sufficiently  associated  with 
individual  soils  in  the  field,  an  association  which  is  necessary  if  an  end- 
less repetition  of  sampling  and  testing  is  to  be  avoided.  In  this  con- 
nection, the  system  of  soil  classification  being  developed  in  the  Argen- 
tine Republic  is  sited  as  being  of  particular  interest,  because  of  the 
combination  of  the  pedological  scheme  of  soil  classification  together  with 
testing  procedures  designed  to  indicate  the  performance  of  various  soils 
in  highway  subgrades. 

The  systems  of  soil  classification  discussed  in  Stokstad ’s  paper  are: 

(1)  Classification  by  texture  as  illustrated  by  Enos’  tri- 
axial  chart. 

(2)  Bureau  of  Public  Roads  classification  into  eight  groups 
on  the  basis  of  tests  designed  to  reflect  performance. 

(3)  Pedological  system  of  soil  classification  which  identifies 
soils  by  separating  them  into  (1)  Zonal  groups  (2)  Series  (3)  types 
and  (4)  phases.  This  is  the  system  used  by  the  U.  S.  Bureau  of 
Chemistry  and  Soils  and  by  soil  scientists  throughout  the  world. 

The  Eno  classification  which  is  based  on  soil  texture  alone,  while 
valuable  as  a means  for  differentiating  textures,  has  only  limited  use- 
fulness because  other  soil  properties  such  as  drainage,  permeability,  uni- 
formity, etc.,  may  be  of  equal  or  even  more  importance  in  many  cases. 

The  system  of  classification  developed  by  the  Bureau  of  Public  Roads 
through  the  fine  work  of  Hogentogler  and  co-workers  is  essentially  a 
laboratory  system  of  classification.  The  use  of  the  Bureau’s  eight  groups 
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for  classifying  soils  in  the  field  approach  to  soil  engineering  problems  does 

not  lend  itself  to  the  recording  of  essential  and  detailed  field  information 

without  a large  amount  of  field  work  and  the  preparation  of  voluminous 
field  notes.  The  soil  tests  developed  by  the  Bureau  are  more  valuable  for 
furnishing  an  attack  on  special  problems,  as  for  example  the  utility  of 

plasticity  index  in  the  design  of  stabilized  gravel  mixtures. 

Highway  engineers  in  general  are  either  not  acquainted,  or  only  im- 
perfectly so,  with  the  pedological  system  of  soil  classification.  Therefore 
in  reviewing  the  usefulness  of  this  system  for  classifying  soils  as  given 
by  Stokstad,  its  utility  may  be  more  easily  grasped  for  the  purpose  of 
the  discussion  period  to  follow,  if  the  following  questions  concerning  it 

are  answered : 

(1)  What  is  it? 

(2)  How  is  it  used? 

(3)  What  are  its  advantages? 

The  pedological  system  of  soil  classification  is  essentially  a field 
classification,  in  which  soils  are  classified  on  the  basis  of  the  character- 
istics of  the  soil  profile.  The  soil  profile  consists  of  the  upper  few  feet 
of  the  vertical  cross-section  of  the  soil  in  any  area,  which  for  purposes 
of  study  and  identification,  is  divided  into  three  layers,  or  horizons,  any 
one  or  more  of  which  may  be  missing  in  individual  cases.  These  three 
horizons  from  the  top  down  have  been  labelled  the  A horizon,  which  in- 
cludes the  soil  layer  leached  by  rains  and  other  surface  waters  per- 
colating through  the  soil,  the  B horizon,  wherein  the  salts  and  colloidal 
matter  leached  from  the  A horizon  are  deposited,  and  the  C horizon, 
which  consists  of  the  parent  soil  material.  The  thickness  of  these  horizons, 
when  present,  may  vary  from  a fraction  of  an  inch  to  several  feet. 

All  characteristics  of  the  soil  profile  are  catalogued,  which  might  shed 
light  on  the  influence  of  the  soil  on  practical  problems  in  any  field  where 
soil  may  be  a factor. 

For  the  purpose  of  identifying  any  given  soil,  the  soils  of  a country 
are  divided  first  into  zones  or  great  soil  groups,  e.  g.  podsol,  chernozem, 
laterite,  and  prairie.  A soil  zone  takes  in  all  of  the  soils  in  a given 
area  whose  profiles  have  some  particularly  well  developed  characteristic 
distinquishing  them  from  the  profiles  of  soils  found  in  adjacent  soil  zones. 
The  soils  found  in  each  zone  are  divided  into  soil  series  having  similar 
profiles,  drainage,  topography  and  parent  material.  These  soil  series  are 
labelled  by  giving  them  a geographic  name  taken  from  the  locality  where 
they  were  first  recognized.  The  names  of  typical  Michigan  soil  series  are 
Miami,  Onaway,  Ontonagon,  etc.  The  surface  layer  of  soil  in  each  of 
these  series  may  vary  as  to  textural  class,  and  may  be  clay,  sandy  loam, 
etc.  The  combination  of  the  series  name  with  the  textural  class  gives 
the  soil  type,  which  is  the  unit  of  soil  classification.  Thus  each  soil  type 
is  thoroughly  indentified  in  this  scheme  of  classification  merely  by  naming 
the  type,  as  for  example  Miami  Loam,  Miami  clay  loam,  Ontoagan  silt, 
etc.  Also,  by  simply  identifying  an  area  on  a soil  map  by  means  of  the 
name  of  the  soil  type,  implies  that  the  soil  profile  in  any  portion  that 
area  possesses  certain  definite  and  known  characteristics. 
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Stokstad  has  briefly  outlined  the  manner  in  which  the  pedological 
system  can  be  used  by  highway  engineers. 

From  the  brief  description  just  given,  it  should  be  apparent  that  there 
may  he  a considerable  number  of  soil  types  in  even  a small  area,  and  the 
characteristics  which  differentiate  each  type  must  be  familiar  to  the 
soils  engineer  in  that  district.  This  means  that  the  soils  engineer  may 
have  to  be  thoroughly  acquainted  with  a large  number  of  soil  profiles. 
While  this  might  seem  complicated,  Stokstad  states  that  it  is  simple  enough 
that  a highway  engineer  may  become  quite  proficient  at  soil  mapping  in 
less  than  three  months  time. 

For  an  individual  project,  soil  knowledge  is  first  used  in  connec- 
tion with  the  location  and  type  of  road  to  be  built.  If  county  soil  maps 
are  available  for  the  area,  much  can  be  learned  from  them  as  to  the 
problems  which  may  be  encountered  on  various  alternate  locations.  In 
connection  with  secondary  highway  programs,  the  usefulness  of  the  soil 
for  agriculture  may  determine  the  location  in  order  to  encourage  or  dis- 
courage agricultural  utilization  of  the  soil  in  a given  area. 

When  the  location  of  the  project  has  been  determined,  a complete 
soil  map  of  the  project  is  made  by  the  soils  engineer  in  the  field.  The 
soil  is  identified  and  mapped  for  several  hundred  feet  on  each  side  of 
the  proposed  right  of  way.  This  survey  is  made  merely  by  the  indentifica- 
tion  of  the  soil  profile  in  the  field  through  borings  or  by  the  examination 
of  cuts  already  in  existence.  The  boundary  of  each  soil  type  encountered 
is  determined. 

When  the  soil  map  of  the  location  is  complete,  it  is  turned  over  to 
the  design  division,  and  it  is  here  that  a comprehensive  soil  survey  is 
of  greatest  value.  To  assist  the  design  division  of  the  Michigan  State  High- 
way Department,  a chart  has  been  prepared  listing  the  characteristics 
and  properties  of  each  soil  type.  This  chart,  an  example  of  which  Stok- 
stad includes  with  his  paper,  answers  many  of  the  questions  regarding 
the  soil,  in  which  the  designing  engineer  is  interested. 

When  the  plans  <are  finished  and  construction  begins,  the  work  of  the 
soils  engineer  consists  of  examining  soil  materials  in  the  grade  in  order 
that  soils  of  frost  heaving  textures  may  be  identified  and  removed,  and 
that  a uniformly  textured  subgrade  is  prepared.  Drainage  conditions  of 
the  subgrade  are  studied  to  determine  the  location,  extent,  and  type  of 
special  drainage  structures. 

As  to  the  advantages  of  this  system  of  soil  classification  they  ap- 
pear to  be  many. 

In  many  States,  and  in  some  of  the  Canadian  Provinces,  this  classifica- 
tion has  already  been  made  for  agricultural  purposes.  A vast  amount  of 
information  therefore,  merely  awaits  the  awakening  of  highway  engineers 
to  a realization  of  its  utility. 

Until  quite  recently  it  was  commonly  believed  that  the  highway  en- 
gineer was  interested  only  in  those  soil  properties  which  affected  the 
serviceability  of  the  pavement.  The  modern  conception  of  highway  en- 
gineering, however,  embraces  the  subjects  of  land'scaping,  erosion  control, 
shoulder  stabilization,  roadside  development,  land  use,  etc.  If  the  design 


division  is  to  handle  all  these  subjects  intelligently  and  efficiently  with  the 
data  which  can  be  furnished  by  the  usual  staff  of  soils  engineers,  it  is 
imperative  that  a system  of  soil  classification  and  soil  mapping  be  adopted 
which  is  simple,  and  which  automatically  records  a large  amount  of  de- 
tailed information  about  each  soil  type  without  the  necessity  of  a large 
amount  of  time  consuming  laboratory  work.  The  pedological  system  of 
soil  classification  supplied  this  need. 

The  mere  recording  of  the  name  of  the  soil  type  on  the  soil  map  of  a 
given  area,  automatically  designates  the  soil  properties  and  the  character- 
istics not  only  of  the  surface  layer  of  soil  in  the  area,  but  of  any  portion 
of  the  soil  profile  to  any  depth  of  interest  to  the  highway  engineer. 

In  addition  to  serving  as  a basic  unit  for  mapping,  the  soil  type  serves 
as  a unit  to  which  laboratory  test  results,  road  behavior  observations,  con- 
struction problems,  and  maintenance  experience,  are  related.  Consequently, 
the  soil  type  furnishes  a medium  for  classifying  and  coordinating  the 
accumulated  soil  experience  of  the  personnel  of  the  entire  highway  de- 
partment. 

As  an  example  of  the  utility  of  the  pedological  system  of  soil  classifica- 
tion, consider  the  alternative  value  to  the  designing  engineer  of  labelling 
a given  soil  area  as  A-3  according  to  the  Bureau  of  Public  Roads  system, 
or  “ Belief ontaine”  in  that  particular  area,  according  to  the  pedological 
classification,  when  the  simple  recording  of  the  name  “ Belief  ontaine”  on 
the  soil  map  of  that  area  automatically  implies  the  following  information 
essential  to  design : 

(1)  Well  drained  sand  and  gravel. 

(2)  The  wTater  table  is  at  such  depth  as  to  be  safely  disre- 
garded in  design. 

(3)  The  grade  line  may  be  established  at  any  point  in  the  soil 
profile. 

(4)  No  sand  sub-base  required  for  pavements. 

(5)  No  subgrade  mat  required  for  gravel. 

(6)  Two  hundred  lineal  feet  of  material  of  frost  heaving  tex- 
ture to  be  excavated  per  one  thousand  lineal  feet  of  cut. 

(7)  Three  hundred  lineal  feet  of  six  inch  tile  edge  drain  re- 
quired per  one  thousand  lineal  feet  of  cut. 

(8)  Not  necessary  to  construct  fill  in  one  foot  layers. 

(9)  Shoulder  stabilization  not  required. 

(10)  An  admixture  of  binder  is  required  for  controlling  water 
erosion  of  slopes. 

(11)  Slopes  are  not  eroded  by  wind. 

(12)  Is  available  as  borrow  material. 

(13)  Five  to  fifteen  percent  shrinkage  wnen  used  as  borrow 
material. 
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(14)  Soil  is  satisfactory  for  fills  in  swamp  construction. 

(15)  Proctor  technique  is  not  required  for  the  construction  of 
high  fills  with  this  soil. 

(16)  Soil  is  satisfactory  for  shallow  fills. 

(17)  Not  suitable  for  stabilization  on  sandy  shoulders. 

(18)  Not  suitable  as  top  soil  on  subgrades. 

(19)  Possible  source  of  gravel. 

In  concluding  this  section,  it  should  be  emphasized  that  it  is  not 
claimed  for  the  pedological  classification  that  it  can  be  used  to  provide 
the  answer  to  such  special  problems  as  for  example  the  design  of  stabilized 
gravel  bases.  For  this  and  other  special  problems  the  soil  tests  developed 
by  the  Bureau  of  Public  Roads  are  required.  Stockstad  states  that  Hogen- 
togler  has  suggested  to  him  verbally  that  the  individual  State  Highway 
Departments  use  the  Bureau’s  soil  grouping  of  A-l  to  A-8  in  a general 
way,  but  at  the  same  time  each  State  develops  a more  detailed  system 
to  fit  its  more  extensive  needls.  It  is  for  this  latter  purpose  that  Stokstad 
has  endeavored  in  his  paper  to  point  out  the  excellent  possibilities  of 
the  pedological  system  of  soil  classification. 

(c)  Soil  Stabilization. 


Two  papers  were  contributed  on  progress  in  research  on  soil  stabiliza- 
tion. One  by  Dr.  Winterkorn  of  Missouri  on  “ Progress  in  Research  on  the 
Improvement  of  Soil  Properties  by  the  Use  of  Chemical  Admixtures,”  the 
other  by  Professor  Crandell  of  the  University  of  Illinois  on  “ Progress 
in  Research  on  the  Improvement  of  Soil  Properties  by  the  Addition  of 
Granular  Materials,  Tar,  Asphalt  and  Portland  Cement.” 

Progress  in  research  on  soil  stabilization  will  be  taken  up  under  the 
subheadings : 


(1)  Chemical  Admixtures. 

(2)  Granular  to  Cohesive  soils  and  vice  versa. 

(3)  Tar. 

(4)  Asphalt. 

(5)  Portland  Cement. 


(1)  Chemical  Admixtures 

Soil  materials  contain  many  components.  Minerals,  organic  matter  in 
various  stages  of  decay,  salt  solutions,  and  gases,  are  some  of  the  consti- 
tuents found  in  soil  in  all  variations  of  quantity,  quality  and  state  of 
subdivision.  The  physical  and  chemical  character  of  any  given  soil  de- 
pends upon  the  properties  of  its  constituents  but  is  not  a simple  additive 
function  of  these. 


The  chemical  character  of  the  surface  of  soil  particles  particularly 
in  clays,  governs  the  soil-water  relationship,  and  thereby  governs  the 
swelling,  shrinkage,  permeability,  binding  qualities,  and  other  properties 
of  the  soil.  Therefore,  in  order  to  appreciably  change  the  engineering  prop- 
erties of  a soil,  it  is  essential  to  have  some  understanding  of  the  chemical 
character  particularly  of  the  clay  and  colloid  fractions  of  a soil. 
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The  affinity  of  soils  for  water  increases  with  increase  in  base  ex- 
change capacity  and  with  increase  in  silica-sesquioxide  ratio  and  vice 
versa.  While  the  x-ray  is  capable  of  furnishing  valuable  information  as 
to  the  chemical  and  physical  structure  of  clay  particles,  progress  in  this 
direction  is  slow,  and  for  some  time  to  come,  measurement  of  the  silica- 
sesquioxide  ratio  and  of  base  exchange  capacity,  and  the  determination  of 
the  kind  of  exchangable  ions,  will  furnish  the  most  reliable  practical  guide 
to  the  possible  water  affinity  of  a soil. 

Winterkorn  also  believes,  from  electrostatic  considerations,  that  since 
clay  particles  almost  invariably  carry  an  electric  charge,  the  water  affinity 
of  a soil  is  a function  of  the  geometric  form  of  the  surface  of  clay  particles. 

He  believes  the  thinnest  water  films  occur  on  clay  particles  having 
a convex,  nonuniformly-charged,  surface,  and  the  thickest  films  on  par- 
ticles having  a flat,  uniformly-charged,  surface. 

Soils  may  be  either  cohesive  or  entirely  lacking  in  cohesion.  When 
water  is  introduced  into  a dry,  cohesionless,  sand,  gravel  or  silt,  it  first 
spreads  over  the  entire  surface  of  the  particles  of  these  materials  to  a 

film  thickness  which  varies  with  the  affinity  of  each  particle  for  water. 
Water  in  excess  of  this  bridges  at  the  points  of  contact  between  the 
particles.  The  particle^  are  held  together,  and  the  granular  mass  given 

some  cohesion,  due  to  the  surface  tension  of  the  water  forming  these 

bridges.  When  the  pores  of  these  silts,  sands,  and  gravels,  are  completely 
filled  with  water,  this  surface  tension  effect  is  destroyed,  and  the  result 
is  an  inundated,  cohesionless  mass  of  aggregate. 

Winterkorn  believes  this  surface  tension  kind  of  cohesion  is  the  only 
source  of  cohesion  in  all  soils  ranging  in  size  from  gravel  to  clay,  except 
in  those  cases  where  the  particles  are  either  non-uniformily  charged  or 
carry  opposite  charges,  when  an  additional  cohesive  force  is  brought  into 
play.  This  latter  cohesive  force  is  electrostatic  in  character,  and  is  formed 
by  an  electric  chain  of  oriented  water  dipoles  and  ions  beginning  at  a 

charged  point  on  one  particle  and  ending  on  a point  of  opposite  charge  on 
another  particle. 

Winterkorn  then  proceeds  to  show  how  these  factors  of  cohesion  may 
be  utilized  in  the  stabilization  of  soils. 

In  combining  soil  binders  with  mineral  aggregates,  greater  cohesion 
will  be  obtained  by  combining  particles  of  uniform  but  opposite  charges, 
or  particles  with  non-uniform  charges,  since  this  encourages  the  electro- 
static type  of  cohesion.  Thus  a podsolic  or  acidic  clay  adheres  more  tena- 
ciously to  limestone  and  other  basic  aggregates  than  to  acidic  aggregates 
such  as  quartz. 

The  question  as  to  whether  the  use  of  a small  amount  of  clay  binder 
of  high  plasticity  is  preferable  to  a larger  amount  of  clay  having  a 
small  plasticity  index  is  discussed. 

Fine  materials  added  to  larger  aggregates  not  only  fill  the  pores,  but 
are  adsorbed  on  the  surface  of  the  larger  particles  forcing  them  apart. 
The  thicker  this  adsorbed  coating  of  fines,  the  more  the  behavior  of  the 
stabilized  gravel  when  wet  approaches  that  of  the  wet  soil  fines.  Therefore, 
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the  amount  of  fines  added  must  be  such  as  to  not  appreciably  separate 
the  coarser  particles  from  each  other. 

Soil  fines  with  a high  plasticity  index  will  improve  the  cohesion  of 
a stabilized  soil  if  a basic  aggregate  is  used  with  an  acidic  soil  binder 
and  vice  versa.  Otherwise  such  soil  fines  may  lead  to  decreased  stability 
in  wet  weather. 

For  a base  course,  because  of  the  presence  of  moisture  in  amounts 
which  minimize  the  electrostatic  type  of  cohesion  and  tend  to  cause  swelling, 
it  is  desirable  to  use  a clay  binder  of  low  plasticity  index. 

For  surface  courses,  a clay  binder  of  high  plasticity  index  is  desir- 
able, if  combined  with  an  aggregate  of  opposite  electrostatic  properties,  in 
order  to  supply  greater  cohesion  in  dry  weather  and  to  swell  sufficiently 
to  close  the  pores  and  prevent  entrance  of  moisture  in  wet  weather. 

If  clay  binder  and  aggregate  are  of  opposite  electrostatic  character,  a 
higher  plasticity  index  can  be  tolerated  in  the  binder  than  under  the 
reverse  conditions. 

As  for  the  effects  of  the  various  salts  now  used  in  soil  stabilization, 
while  the  effect  on  soils  of  strong  solutions  of  them  is  not  yet  completely 
understood,  Winterkorn  summarizes  them  qualitatively  as  follows : 

(1)  Changing  of  the  surface  chemical  character  of  the  soil 
particles  by  the  adsorption  of  ions  from  the  salts. 

(2)  Greater  surface  tension  cohesion  in  the  stabilized  soil 
because  of  the  increase  in  the  surface  tension  of  water 
brought  about  by  the  presence  of  these  salts. 

(3)  Equalization  of  moisture  content  in  the  soil  due  to  the 
deliquescent  or  moisture  retaining  properties  of  the  salts. 

(4)  A decrease  in  volume  change  upon  drying  due  to  crystal- 
lization of  the  salt. 

(5)  Decrease  in  swelling  of  the  soil  because  of  the  presence 
of  the  salts  in  the  soil  moisture. 

(6)  Certain  components  of  the  stabilized  soil  may  be  more 
soluble  in  the  salt  solution  than  in  water  leading  to  the 
possibility  of  redeposition  of  this  material  as  a cement. 

Mention  is  also  made  of  the  addition  in  France  of  sodium  silicate  to 
calcareous  soils  for  the  purpose  of  forming  a calcium  silicate  cement  between 
the  soil  particles. 

(2)  Granular  to  Cohesive  Soils  and  Vice  Versa 

Professor  Crandell  discusses  briefly  some  of  the  research  results  re- 
ported in  recent  technical  literature. 

Reference  is  made  to  the  studies  of  Burmeister  at  Columbia  University 
in  endeavoring  to  quantitatively  determine  grading  density  relations  for 
aggregates. 

He  refers  also  to  the  twenty  panels  on  soil  stabilization  prepared  by 
the  U.  S.  Bureau  of  Public  Roads  for  exhibition  at  last  year’s  meeting  of 


the  American  Road  Builders  Association.  These  panels,  now  available  in 
book  form,  cover  the  field  of  soil  stabilization  very  thoroughly. 

At  the  June  meeting  of  the  A.S.T.M.,  Goldbeck  gave  his  conception 
of  the  desirable  characteristics  of  a stabilized  screenings  base  as : 

(1)  It  should  transmit  wheel  loads  to  the  sub-base  without 
appreciable  movement  and  with  very  little  deformation. 

(2)  It  should  perform  these  functions  under  all  conditions  of 
weather  and  moisture. 

(3)  In  case  of  partial  failure  due  to  unfavorable  subgrade 
conditions,  the  stabilized  screenings  base  should  have 
properties  which  permit  it  to  heal  or  reknit  again. 

(4)  It  should  remain  stable  even  after  the  evaporation  of 
capillary  moisture  is  prevented  by  a bituminous  wear- 
ing course. 

A further  excerpt  from  Goldbeck ’s  paper  states  that  maximum  stability 
under  wet  conditions  would  be  expected. 

(1)  If  the  particles  are  so  graded  in  size  as  to  mechanically 
interlock  and  have  only  a small  percentage  of  voids. 

(2)  If  just  sufficient  fine  cementing  material  is  present  to 
stick  the  coarser  particles  together. 

(3)  If  excessively  thick  water  films  about  the  particles  are 
prevented  either  by  integrally  waterproofing,  or  designing 
to  exclude  water. 

Professor  Crandell  reports  as  follows,  the  results  of  some  of  Gold- 
beck’s  experiments  on  the  grading  of  aggregates  and  the  use  of  bitumi- 
nous materials,  when  the  stability  of  mixtures  of  these  was  determined 
on  a circular  track. 

(1)  Gradation  was  the  most  important  single  factor  in  bring- 
ing about  stability  under  wet  conditions. 

(2)  The  use  of  waterproofing  materials  such  as  tar,  cut-back 
asphalts,  and  emulsions  is  not  effective  unless  the  mixtures 
are  dense  and  have  some  fine  dust  present. 

(3)  There  is  a certain  optimum  moisture  content  for  these 
mixtures  above  which  instability  occurs. 

(4)  Best  stability  occurs  when  the  aggregate  is  graded  to 
give  high  density,  and  when  sufficient  bituminous  ma- 
terial is  present  to  make  for  low  water  absorption  and 
furnish  some  resiliency  to  the  mix. 

(3)  Tar 

Authorities  consider  the  following  points  important  when  stabilizing 
soil  with  tar: 

(1)  The  necessity  or  desirability  of  modifying  the  grading  of 
the  existing  soil. 

(2)  The  grade  of  tar  to  be  used  in  each  mixture. 
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(3)  The  amount  of  tar  to  be  used. 

(4)  The  use  of  water  for  mixing. 

(5)  The  moisture  content  for  most  efficient  compaction. 

Professor  Crandell  reports  an  opinion  of  Anderton,  Research  Chemist 
for  the  Barrett  Company  which  seems  quite  pertinent,  as  follows:  ‘ 4 Thus 
far  there  has  been  no  consistent  effort  to  standardize  laboratory  methods 
for  evaluating  stabilization,  nor  for  determining  the  relative  efficiency  of 
various  treatments,  especially  as  applied  to  bituminous  materials.  There 

is  no  general  agreement  as  yet  on  the  relative  importance  of  many  factors 
in  soil  stabilization  and  on  the  interpretation  of  test  data,  with  the 

result  that  various  laboratories  are  using  different  methods  for  evaluating 
stabilization  and  determining  the  best  treatment  for  a given  soil.  In  the 
present  stage  of  development  all  methods  for  studying  soil  stabilization 

with  bituminous  materials  are  open  to  criticism.” 

A reference  is  made  to  the  use  of  the  Brabander  Plastograph  by 

Rhodes  of  the  Koppers  Company  for  testing  the  plasticity  of  stabilized 
mixtures. 


(4)  Asphalt 

Professor  Crandell  refers  briefly  to  a number  of  the  papers  given  at 
last  December’s  National  Asphalt  Conference,  on  stabilization  with  as- 
phaltic materials. 

Weathers  of  Florida  reports  having  used  cutbacks,  emulsions  and 
powdered  asphalt  with  flux  oils,  obtaining  best  success  with  cutbacks. 

Tilley  of  Nebraska,  as  the  result  of  both  field  and  laboratory  research, 
recommends  the  stabilization  of  five  to  six  inches  of  sand  when  the  sub- 
grade is  dune  sand,  and  three  to  four  inches  when  the  subgrade  is,  sandy 
loam.  He  has  found  it  more  economical  to  rectify  soil  gradation  in  most 
cases  than  to  use  special  asphaltic  materials,  and  that  the  amount  and 
type  of  filler  has  the  greatest  effect  in  determining  the  quantity  of  oil 
required.  Tilley  prefers  MC  to  SC  oils  for  this  work  because  their  higher 
stability  and  cementitiousness  permit  the  use  of  inferior  gradings  and  high 
percentages  of  bitumen  when  necessary. 

The  soils  treated  by  Reagel  of  Missouri  frequently  contain  little  coarse 
aggregate,  and  the  bitumen  added  is  kept  low  (7  to  8%)  in  order  to 
avoid  plasticity  of  the  mix. 

Professor  Crandell  reports  some  of  his  own  experiments  and  observa- 
tions concerning  stabililization  with  bituminous  materials.  With  tar,  all 
specimens  except  those  made  with  7%  light  coal  tar  became  brittle  in 
a short  time.  He  reports  that  emulsion  stabilized  specimens  hardened  on 
top  and  crumbled  away  while  the  lower  layers  were  still  soft  and  pasty. 
Similar  observations  in  connection  with  emulsions  were  made  on  the  road. 
This  hardening  of  the  surface  while  the  interior  is  still  soft  has  also  been 
observed  with  cut-backs  and  road  oils. 

Winterkorn  has  added  a few  interesting  remarks  on  bituminous  soil 
stabilization  in  his  paper.  He  states  that  bitumens  must  function  as  a 
cement  for  granular  soils,  but  as  waterproofing  agents  for  cohesive  soils. 
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He  briefly  discusses  the  influence  of  such  factors  as  base  exchange  on  the 
success  of  bituminous  stabilization. 

In  a paper  given  at  last  December’s  meeting  of  the  Association  of 
Asphalt  Paving  Technologists,  McLeod  gave  an  account  of  several  years 
research  on  soil  stabilization  through  the  waterproofing  of  soils  by  means 
of  the  use  of  a combination  of  activating  and  wetting  agents  with  bitumi- 
nous materials.  The  theory  behind  this  work  had  its  foundation  in  the 
field  of  ore  flotation,  the  process  by  which  most  of  the  valuable  minerals 
of  the  world  are  now  recovered  from  their  ores. 

In  connection  with  the  use  of  emulsions  for  the  stabilization  of  soils, 
from  a perusal  of  the  paper  by  Wace  presented  at  the  meeting  of  the 
Association  of  Asphalt  Paving  Technologists  last  December,  and  of  the 
discussion  following  this  paper,  there  would  appear  to  be  a considerable 
divergence  of  opinion  as  to  the  particular  utility  of  bituminous  emulsions 
for  soil  stabilization.  Nevertheless  the  use  of  emulsions  for  this  purpose 
is  increasing  in  the  United  States. 

(5)  Portland  Cement 

Professor  Crandell  refers  to  some  recent  work  on  soil  cement  stabiliza- 
tion done  by  the  Division  of  Highways  of  the  State  of  Illinois.  An  ex- 
perimental project  was  constructed  in  1936.  Samples  containing  10%  of 
cement  by  weight  were  superior  to  samples  containing  smaller  amounts. 
Other  observations  from  this  experiment  are : 

(1)  Care  must  be  exercised  to  obtain  representative  soil 
samples  for  the  purpose  of  supplying  control  data  for  a 
project, 

(2)  Equipment  for  preparing  soil,  mixing  cement,  incorpora- 
ting water,  and  compacting  the  mix,  should  be  such  as  to 
reduce  time  of  processing  to  a minimum. 

In  a report  to  the  Highway  Research  Board  last  December,  of  a labora- 
tory investigation  into  the  possibility  of  designing  soil  cement  mixtures  on 
the  basis  of  the  absolute  volumes  of  soil  and  cement,  Professor  Housel 
concludes  that  the  cement-voids  ratio  should  be  the  controlling  factor  in 
the  design  of  such  mixtures.  This  conclusion  is  strongly  supported  by  the 
results  of  wetting  and  drying,  and  freezing  and  thawing  tests  on  cylindrical 
specimens  of  soil  cement  mixtures  in  which  the  ratio  of  cement  to  voids 
was  varied. 

Dr.  Winterkorn  states  that  an  investigation  has  been  started  to  dis- 
cover any  possible  effect  of  the  chemical  composition  of  the  surfaces  of 
the  particles  of  various  soil  constituents  on  the  results  of  cement  stabiliza- 
tion. Because  of  the  chemical  reactions  involved  in  the  setting  and  hard- 
ening of  cement,  he  expects  that  the  chemical  character  of  the  soil  may 
have  an  influence  on  the  effectiveness  of  the  cement  treatment. 

From  the  brief  survey  just  given,  and  also  from  the  many  papers 
appearing  in  the  technical  press,  it  is  apparent  that  the  stabilization  of 
soils  is  the  livest  topic  in  highway  engineering  today. 

The  present  state  of  flux  of  technical  opinion  concerning  the  various 
methods  for  the  stabilization  of  soils  just  outlined,  is  well  illustrated 
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by  a paragraph  from  Professor  Crandell’s  paper.  In  it,  he  states  that — 
“If  one  talks  to  some  of  the  representatives  of  the  many  producers  of 
stabilization  materials,  he  will  find  that  there  is  a reluctance  to  make 
any  definite  statement  concerning  the  positive  stabilization  of  earth  roads. 
There  is  considerable  groping  about  in  the  dark  as  it  were,  and  no  one 
in  a responsible  position  wishes  to  go  on  record  as  being  able  to  produce 
certain  and  sure  results.” 

It  is  obvious,  therefore,  that  there  is  need  for  a great  deal  of  further 
fundamental  research  in  this  field. 

BITUMINOUS  MIXTURES 

This  topic  will  be  reviewed  under  the  subheadings : 

(1)  Aggregates. 

(2)  Quantities  and  Types  of  Bituminous  Materials. 

(3)  Adhesion  Between  Bitumen  and  Aggregate. 

(a)  Aggregates. 

Mr.  E.  L.  Wales,  Materials  and  Testing  Engineer  for  the  Arkansas 
State  Highway  Commission  has  contributed  a paper  on  “Progress  in 
Research  as  Applied  to  Aggregates  for  Bituminous  Surfaces.”  He  states 
that  the  Arkansas  Highway  Department  has  not  carried  on  a definite 
research  program,  and  his  paper  therefore  contains  an  account  of  the 
close  observations  they  have  made  concerning  aggregates  on  construction 
projects  in  the  field. 

Crushed  stone  and  crushed  gravel  are  used  for  open  graded  surfaces 
while  bank  and  river  gravels  are  used  in  dense  graded  construction. 

For  their  open  graded  mixes,  practically  100%  of  the  aggregate  is 
retained  on  a No.  8 sieve. 

The  gradation  of  dense  graded  aggregates  is  permitted  to  vary  with 
the  locality,  within  limits,  in  order  to  make  use  of  local  deposits  with  as 
little  preparation  of  aggregates  as  possible.  Since  all  surfaces  are  given 
a cover  coat  of  sand,  stone  chips  or  pea  gravel,  there  is  little  opportunity 
for  observation  as  to  which  gradation  functions  most  satisfactorily. 

For  open  graded  mixes,  crushed  stone  aggregate  has  been  limestone, 
sandstone,  and  syenite.  No  appreciable  difference  has  been  observed  in 
the  performance  of  surfaces  laid  with  any  of  these  aggregates. 

The  crushed  gravels  used  for  open  graded  mixes  have  not  all  proven 
satisfactory,  gravels  of  apparently  similar  composition  behaving  quite  dif- 
ferently. Wales  believes  the  observed  differences  were  not  always  due  to 
the  aggregate. 

He  reports  one  case  of  failure  in  an  open  graded  aggregate  as  being 
due  to  the  use  of  a chert  gravel  of  smooth  glassy  surface  texture. 
Laboratory  tests  showed  this  gravel  to  be  hydophilic. 

Wales  states  that  there  has  been  no  evidence  that  any  failure  of  a 
dense  graded  mixture  could  be  attributed  to  the  mineral  composition 
of  the  aggregate. 


The  hardness  of  the  aggregate  is  considered  important  in  open  graded 
mixes  in  order  to  withstand  the  roller,  but  is  believed  to  be  unimportant 
in  dense  graded  mixes. 

For  open  graded  mixtures,  at  least  50%  of  the  particles  on  each 
size  of  screen  are  required  to  be  crushed  because  it  is  believed  the  angular 
particles  are  necessary  for  stability,  and  that  bituminous  materials  adhere 
better  to  a fractured  surface. 

No  crushing  requirement  is  included  in  aggregate  specifications  for 
dense  graded  mixtures. 

Uncrushed  pea  gravel  has  been  found  equal  to,  and  in  some  cases 
superior  to  stone  chips  or  crushed  gravel  for  seal  coating. 

Little  study  has  been  given  to  the  effect  of  absorption  of  the  aggre- 
gate upon  mixes.  Most  aggregates  have  shown  an  absorption  range  between 
1%%  and  2 %%•  Where  absorption  rose  to  3 %%  however,  a noticeable 
drying  up  of  the  mix  was  observed.  The  percentage  of  moisture  allow- 
able at  the  time  of  mixing,  spreading  and  rolling,  is  based  upon  free 
moisture,  that  is  total  moisture  minus  absorption  moisture. 

The  fillers  used  in  dense  graded  mixes  have  been  clay  and  silt  from 
sources  near  gravel  pits,  and  the  fines  present  in  the  gravel.  The  fillers 
have  ranged  from  friable  silts  to  clays  having  a plasticity  index  as  high 
as  25. 

The  fraction  passing  the  200  mesh  ranges  from  4%  to  18%.  These 
variations  in  filler  content  have  given  some  trouble  in  determining  the 
asphalt  content,  but  no  difference  in  surfaces  laid  with  a wide  range 
of  quantities  and  types  of  fillers  has  been  observed. 

(b)  Quantities  and  Types  of  Bituminous  Materials. 

Two  papers  were  contributed  on  “Progress  in  Research  as  Related 
to  the  Quantities  and  Types  of  Bitumen  to  be  Used  in  Bituminous  Sur- 
faces,” one  by  Mr.  L.  C.  Krchma  of  the  Socony-Vacuum  Oil  Company, 
the  other  by  Mr.  Bailey . Tremper  of  the  Washington  State  Highway  De- 
partment. 

Krchma  states  that  the  choice  of  the  type  and  quantity  of  bituminous 
material  for  any  purpose  is  covered  by  numerous  highway  manuals  and 
specifications,  usually  as  the  result  of  rationalization  and  deduction  previous 
to  research. 

In  discussing  bituminous  primes  Krchma  lists  the  functions  of  the 
prime  as : 

(1)  To  develop  a bituminous  film  or  layer  with  the  proper 
physical  and  chemical  properties  to  make  it  impervious 
to  moisture  and  thereby  protect  the  mat  above  it. 

(2)  To  form  a continuous  bond  between  the  subgrade  and 
mat. 

(3)  To  increase  the  effective  thickness  of  the  mat. 

(4)  To  consolidate  the  loose  subgrade  when  required. 
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The  prime  must  be  below  a certain  viscosity  depending  on  the  sub- 
grade  to  give  proper  penetration,  but  if  the  viscosity  is  too  low  the  prime 
will  penetrate  too  far  leaving  a lean  permeable  primed  surface. 

In  general  R.  C.  materials  do  not  penetrate  well  because  of  too 
rapid  evaporation  or  absorption  of  the  contained  solvent.  Consequently 
they  tend  to  give  a membrane  type  of  prime  which  is  easily  injured. 
However,  where  the  base  is  composed  of  very  absorbent  material  such 
as  scoria,  an  R.  C.  may  be  the  only  bituminous  material  drying  fast 
enough  to  give  a good  prime. 

MC  and  SC  materials  are  the  most  suitable  primes.  Of  these,  MC 
is  more  generally  used  and  more  satisfactory  because  it  sets  up  leaving 
the  asphalt  suitably  distributed  in  the  subgrade  surface. 

Krehma  refers  to  the  work  of  Stoddard  in  Iowa  on  measuring  the 
evaporation  of  moisture  through  primes  as  evidence  of  the  greater  suit- 
ability of  MC-1  for  preventing  the  passage  of  water  from  the  sub- 
grade to  the  base  course  or  mat. 

It  has  been  demonstrated  that  MC’s  have  a greater  adhesion  for 
mineral  aggregates  than  SC’s,  and  are  consequently  less  liable  to  displace- 
ment by  water  in  the  subgrade  when  used  as  primes. 

Krehma  further  believes  that  MC’s  possessing  high  gravity,  high 
asphaltene,  positive  spot  characteristics,  are  superior  to  negative  spot 
materials  as  primes  because  of  their  superior  adhesion  qualities. 

In  quantity,  prime  materials  may  be  applied  at  a rate  of  from  0.1 
to  0.5  gallon  per  square  yard  depending  upon  weather,  subgrade  condi- 
tions, etc. 

For  the  mat  or  wearing  course,  MC  and  SC  materials  are  used  for 
dense  graded  road  mixes,  and  MC  or  soft  asphalt  for  dense  graded  plant 
mixes.  MC’s,  RC’s  or  asphalt  cements  of  various  consistencies  are  more 
generally  used  for  the  more  open  graded  aggregates. 

Both  Tremper  and  Krehma  believe  that  in  general  MC  materials  are 
preferred  to  SC’s,  although  there  are  some  notable  exceptions. 

Tremper  refers  to  a recent  paper  by  Buchanan  in  which  a distinct 
trend  toward  heavier  SC  materials  and  light  asphalt  cements  for  plant  mix  is 
reported  as  opposed  to  the  use  of  heavy  MC  materials.  The  principal 
reason  advanced  to  explain  this  trend  is  that  aeration  to  remove  the 
kerosene  type  solvent  is  not  necessary  where  heavy  SC  materials  are 
used. 

When  MC  materials  are  preferred  to  SC’s  the  reason  for  the  preference 
have  been  well  covered  at  the  previous  Conferences  and  include  better 
adhesion  to  the  aggregate,  greater  stability  of  the  mix,  gradation  of 
aggregates  may  be  more  tolerant,  and  the  mixes  are  less  critical  with 
regard  to  oil  content. 

Because  of  the  tendency  of  bitumens  to  harden  in  service,  there  is  a 
tendency  toward  the  use  of  higher  penetration  asphalts  in  high  type  pave- 
ments, and  for  the  use  of  softer  asphalt  bases  for  cut-backs. 
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The  use  of  cut-backs  made  from  these  soft  asphalt  bases  is  expected 
to  reduce  mat  brittleness. 

Because  of  the  hardening  of  bituminous  materials  in  service,  Hubbard 
recommends : 

(1)  Use  as  soft  an  asphalt  as  practically  possible. 

(2)  Use  as  high  a percentage  of  asphalt  as  practically  pos- 
sible. 

(3)  Mix  and  lay  mixes  at  as  low  a temperature  and  within 
as  short  a time  as  possible. 

(4)  Thoroughly  compact  mixes  and  use  seal  coats  to  prevent 
the  access  of  weathering  agents  to  the  bituminous  films. 

As  for  the  quantities  of  bitumen  used  in  low  cost  mixtures,  in 
spite  of  the  various  proposed  formulae,  it  is  generally  admitted  that  the 
trend  is  toward  abandoning  formulae  and  relying  on  laboratory  ob- 
servations and  the  practical  judgment  of  the  engineer  on  the  project. 

Hot  mixes  are  still  proportioned  on  the  basis  of  voids,  and  cold  mixes 
by  surface  area.  Hubbard  has  suggested  the  pore  viscosity  concept  in  an 
endeavor  to  develop  a single  method  of  proportioning  the  bitumen  for 
both  hot  and  cold  mixes.  Sufficient  information  is  not  yet  available 
to  put  this  concept  into  practice. 

Tremper  notes  that  in  the  construction  of  bituminous  macadam  the 
New  England  States  use  from  % to  one  gallon  per  square  yard  more 
bitumen  than  is  used  in  the  far  West  for  the  same  thickness  of  surface. 
He  believes  that  the  simultaneous  spraying  of  soap  solution  when  the 
bituminous  cement  is  applied  accounts  for  the  smaller  quantity  of  asphalt 
required  in  Washington. 

Tremper  also  believes  that  the  quantity  of  oil  used  should  possibly 
vary  with  the  source  of  the  crude  and  the  refining  process. 

In  spite  of  the  recommendation  from  many  authorities  to  have  the 
asphalt  content  of  the  mat  as  high  as  practically  possible,  some  localities 
prefer  the  lean  mix  for  stability  to  be  followed  by  a surface  seal.  It  is 
rather  likely  that  the  thin  bituminous  films  in  lean  mixes  harden  more 
rapidly  than  the  bitumen  in  the  thicker  films  in  mixes  with  more  normal 
bitumen  contents. 

Krchma  gives  a brief  review  of  developments  in  materials  for  surface 
sealing. 

The  materials  used  for  seals  are  RC’s,  MC’s,  SC’s  and  soft  asphalt 
cements,  with  the  EC  materials  apparently  predominating. 

Eeference  is  made  to  the  study  of  seal  coating  materials  by  Professor 
Legault  of  Colorado  State  College.  As  a result  of  his  investigations  Profes- 
sor Legault  recommends  a special  seal  of  the  EC-1  type,  whose  distilla- 
tion residue  is  harder  than  40  penetration.  The  desirable  characteristics 
possessed  by  this  special  seal  are  rapid  penetration,  rapid  drying,  high 
strength  and  ductility,  marked  adhesion,  and  imperviousness  to  moisture. 
These  characteristics  are  reported  to  have  been  verified  by  its  success- 
ful use  in  Wyoming,  Montana,  and  Iowa. 
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(c)  Adhesion  Between  Bitumen  and  Aggregate. 

Tremper  and  Erwin  from  Washington,  and  Winterkorn  from  Mis- 
souri, have  contributed  papers  on  this  very  interesting  topic.  They  each 
present  a study  of  the  theoretical  points  involved,  and  critically  discuss 
a number  of  tests  which  have  been  proposed  to  measure  the  relative 
affinity  of  aggregates  for  water  and  bituminous  materials. 

Tremper  and  Erwin  briefly  discuss  a number  of  recent  investigations 
on  the  subject  of  the  adhesion  of  bituminous  materials  to  aggregates,  in- 
cluding some  of  their  own  work  in  this  field. 

They  report  a number  of  interesting  experiments  on  stripping,  and 
point  out  that  in  wash  tests  where  so-called  stripping  does  occur,  and 
mixtures  lose  their  coherence,  only  in  some  cases  does  the  oil  completely 
separate  from  the  mix  and  float  on  the  surface  of  the  wash  water.  In 
most  cases  after  stripping  occurs,  little  if  any  oil  appears  on  the  surface 
of  the  wash  water  even  though  the  recovered  stripped  fines  contain  only 
from  .1  to  .5  of  the  oil  originally  present.  They  believe  the  released 
oil  exists  in  the  wet  mix  in  the  form  of  minute  globules,  which  are  re- 
tained on  the  100  mesh  sieve  used  for  separating  the  stripped  fines  from 
the  rest  of  the  mix  in  their  wash  test. 

Winterkorn  gave  a very  complete  discussion  of  the  adhesion  problem 
in  a paper  presented  at  last  year’s  Conference  and  has  enlarged  upon 
it  in  his  present  paper. 

He  lists  the  factors  upon  which  the  adhesion  between  a bitumen  and 
aggregate  depend  as  follows : 

(1)  The  physical  and  chemical  character  of  the  mineral  sur- 
face. 

(2)  The  physical  and  chemical  character  of  the  bitumen. 

(3)  The  time  and  condition  of  contact  between  the  bitumen 
and  mineral. 

While  the  adhesion  of  bituminous  materials  depends  upon  their  chemical 
composition,  there  is  no  method  at  present  whereby  the  constituents  of  a 
bituminous  material  can  be  separated  and  identified. 

In  natural  and  carefully  refined  asphalts,  the  asphaltenes,  carbenes, 
and  acids,  which  seem  to  contribute  most  to  adhesive  qualities,  are  quite 
stable  against  the  agencies  of  weathering.  On  the  other  hand,  the  consti- 
tuents in  some  processed  asphalts,  and  in  some  asphalts  resulting  from 
excessive  refining,  while  exhibiting  very  desirable  and  even  enhanced 
adhesive  qualities,  are  at  the  same  time  highly  susceptible  to  weathering. 

In  designing  bituminous  mixtures,  it  is  most  desirable  to  combine 
hydrophilic  aggregates  with  a bituminous  material  showing  good  weather- 
ing characteristics.  If  the  aggregate  is  hydrophilic,  a more  active  bitumen 
may  be  considered,  at  the  cost  perhaps  of  decreased  weathering  ability, 
or  admixtures  of  materials  such  as  fillers  or  chemical  reagents  may  be 
considered  to  permit  the  use  of  a more  stable  bitumen. 

If  the  use  of  an  asphalt  with  poor  weathering  characteristics  is  con- 
templated, good  results  may  be  obtained  by  designing  for  high  density  so 
as  to  prevent  the  access  of  destructive  agencies  to  the  bituminous  material. 
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The  tests  for  determining  relative  adhesion  discussed,  are  the  water 
asphalt  preferential  test,  the  swell  test,  and  wash  tests. 

In  testing  a bituminous  mixture  for  resistance  to  stripping  of  the 
bitumen  from  the  aggregate,  the  authors  of  both  papers  on  adhesion 
emphasize  the  necessity  for  sufficient  time  of  contact  between  bitumen 
and  aggregate  for  full  adhesion  to  develop  before  any  stripping  test  is 
made.  This  curing  time  appears  to  be  necessary  to  permit  the  migration 
of  the  surface  active  molecules  in  the  bitumen  to  the  mineral  surface 
and  for  their  orientation  in  the  mineral-bitumen  interface. 

In  connection  with  the  water  asphalt  preferential  test,  these  writers 
point  out  that  this  curing  time  is  not  provided  for.  and  that  the  results 
may  therefore  be  expensively  misleading.  A filler  which  goes  into  the 
oil  phase  in  this  test  is  satisfactory,  but  one  which  does  not  do  so  is  not 
necessarily  a poor  filler. 

Tremper  and  Erwin  observe  that  this  test  has  the  further  drawback 
of  being  made  on  the  fines  only,  whose  properties  may  be  decidedly  dif- 
ferent from  the  coarse  aggregate. 

The  swell  test,  as  improved  by  Stanton  and  Hveem,  is  a widely 
used  criterion  of  the  adhesion  between  bitumen  and  aggregate,  and  is 
made  on  the  complete  bituminous  mixture. 

Since  a curing  time  of  24  hours  is  provided  for  in  this  test,  the  full 
adhesion  between  aggregate  and  bitumen  is  given  an  opportunity  to 
develop  before  immersion  in  water  occurs. 

Tremper  and  Erwin  believe  that  swelling  is  brought  about  by  water 
replacing  the  oil  film  coating  of  the  aggregate  particles.  They  believe 
swelling  is  also  influenced  by  the  chemical  nature  of  the  mineral  dust 
used  as  filler,  since  some  minerals  swell  in  water. 

Disadvantages  of  the  swell  test  given  by  Tremper  and  Erwin  are : 

(1)  Stripping  of  oil  from  the  coarse  aggregate  has  been 
observed  when  the  numerical  value  of  swell  was  low. 

(2)  Successful  bituminous  surfaces  have  been  constructed  in 
Washington  with  aggregates  which  would  not  pass  the 
swell  test. 

Winterkorn  believes  that  the  measured  swell  depends  on  the  water 
permeability  and  water  affinity  of  the  mix. 

He  believes  however,  that  a very  hydrophilic  filler  in  a mix  sub- 
jected to  the  swell  test,  might  swell  in  such  a manner  as  to  close  the 
pores  to  the  entrance  of  further  water,  and  a misleadingly  low  value 
of  swell  be  observed.  Such  a mixture  would  show  the  expected  abnormal 
swell  if  exposed  to  water  for  a longer  period  of  time.  Nebraska  has 
recognized  this  possibility  and  has  extended  the  period  of  immersion  in 
this  test  from  24  to  140  hours. 

Winterkorn  also  believes  that  since  equal  amounts  of  swelling  do  not 
necessarily  result  in  equal  decreases  of  stability,  and  stability  tests  should 
be  made  on  pavement  samples  both  with  and  without  prolonged  ex- 
posure to  water. 
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Tremper  and  Erwin  appear  to  prefer  the  wash  test  to  the  others  for 
measuring  adhesion  because  of  the  closer  similarity  of  this  test  to  road 
conditions.  They  measure  the  percentage  of  the  minus  100  mesh  fraction 
of  an  aggregate  of  standard  grading  which  as  a result  of  stripping  in 
the  wash  test  can  be  washed  through  a 100  mesh  sieve.  Their  technique 
is  suitable  for  measuring  the  adhesion  characteristics  of  either  aggregate 
or  bitumen.  They  also  use  the  wash  test  for  measuring  the  time  rate 
of  improvement  of  adhesion  between  aggregates  and  bitumens  by  making 
tests  immediately  after  mixing  and  after  curing  at  140°  F.  for  four 
hours. 

Because  of  the  better  adhesion  of  MC-2  over  SC-2  in  these  wash  tests 
Washington  prefers  the  cut-back  to  the  slow  curing  bitumen  for  light 
surface  treatments  and  road  mixes. 

Saville  and  Axon  have  found  that  previous  soaking  in  water  is 
necessary  in  some  cases  in  order  that  the  results  of  the  wash  test  may 
be  made  to  duplicate  field  observations. 

Hubbard  refers  to  the  investigation  of  the  resistance  to  stripping 
conducted  by  the  Committee  on  Characteristics  of  Asphalts  of  the  High- 
way Research  Board  as  reported  in  the  1937  Proceedings  of  that  organiza- 
tion. A modification  of  the  Nicholson  wash  test  was  used  and  found  to 
be  far  too  severe  for  mixtures  made  with  liquid  bituminous  materials. 
Hubbard  states  that  further  modifications  of  this  test  appear  necessary 
to  make  it  generally  applicable,  and  that  there  is  much  room  for  im- 
provement in  quantitatively  estimating  the  degree  of  film  stripping  that 
may  occur  in  the  test. 

Winterkorn  within  the  past  year  has  concluded  that  the  Riedel  and 
Weber  test,  in  which  adhesion  is  measured  by  the  use  of  alkali  solutions 
of  graded  concentrations,  is  not  satsifactory  because  the  effect  of  the  alkali 
solutions  is  different  from  water,  and  their  effect  on  bituminous  ma- 
terials is  inconsistent. 

In  order  to  improve  the  affinity  between  aggregates  and  bitumens, 
Winterkorn  has  been  studying  the  effect  of  the  synthesis  of  very  thin 
films  of  artificial  resins  on  the  mineral  surfaces. 

McLeod  has  been  able  to  increase  the  adhesion  of  aggregates  for 
bitumens  to  such  a degree  through  the  use  of  activating  and  wetting  agents, 
that  wet  aggregates  can  be  readily  coated  with  bituminous  materials, 
the  water  being  displaced. 

From  this  brief  review  of  the  adhesion  problem  in  bituminous  mix- 
tures, it  should  be  apparent  that  while  much  investigation  has  and  is 
being  done,  there  does  not  exist  a universally  acceptable  test  method  for 
evaluating  the  relative  adhesion  of  mineral  aggregates  for  bituminous 
materials  and  water. 

BITUMINOUS  MATERIALS 

In  this  division,  three  papers  will  be  reviewed.  Two  of  these  papers 
are  on  “ Research  Developments  Related  to  the  Service  Behavior  of 
Bituminous  Materials,”  one  being  prepared  by  Mr.  W.  M.  Carney,  Chief 
Chemist,  and  Mr.  F.  R.  Grant,  Asphalt  Research  Engineer,  both  of  the 
Lion  Oil  Refining  Company,  the  other  being  prepared  by  Mr.  Leroy  M. 
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Law.  The  third  paper  gives  an  account  of  Progress  in  Research  on  the 
Testing  of  Bituminous  Materials,”  and  was  prepared  by  Mr.  Prevost 
Hubbard. 

In  the  first  part  of  his  paper,  Law  gives  a brief  account  of  the 
growth  of  conditions  which  have  led  to  the  present  increasing  interest 
in  the  service  behavior  of  bituminous  materials. 

Originally,  the  producers  of  asphalt  constructed  pavements  under 
performance  quarantees  to  municipalities.  However,  with  the  development 
of  highway  construction  into  a major  industry  this  has  changed.  The 
producer  has  become  largely  interested  only  in  production,  specifica- 
tions are  drafted  by  the  consumer,'  and  the  contractor  obtains  and  in- 
corporates into  the  road  surface  the  cheapest  asphaltic  material  which 
will  pass  inspection. 

Whatever  the  advantages  of  this  development  of  divided  responsibility 
may  be,  they  have  been  accompanied  by  a number  of  disadvantages. 

In  spite  of  the  endeavors  of  the  six  committees  of  national  technical 
organizations  who  are  interested  in  the  quality  and  service  behavior  of 
road  and  paving  asphalts,  there  are  no  reliable  criteria  which  may  be 
specified  to  guarantee  the  serviceability  of  asphaltic  road  materials  pur- 
chased, and  coordinated  research  remains  neglected  because  the  division 
of  interest  has  made  it  difficult  to  obtain  adequate  financing  for  the 
fundamental  research  required. 

Into  the  previously  more  open  specifications,  certain  so-called  identifica- 
tion tests  have  been  recently  incorporated,  based  upon  the  satisfactory 
performance  of  some  particular  material.  Such  identification  tests  are 
at  best  but  a thin  disguise  for  the  closed  specification  actually  intended, 
and  should  be  as  much  against  public  policy  as  actually  specifying  the 
preferred  material  by  name. 

These  identification  tests  have  led  asphalt  manufactures  to  resort 
to  blends  and  various  subterfuges  in  order  that  their  materials  will 
pass  diverse  inspection  required  in  various  localities. 

Engineers  and  chemists  long  ago  found  the  standard  tests  inadequate 
to  insure  quality  and  serviceability.  In  their  endeavor  to  obtain  satisfactory 
asphaltic  materials,  they  modified  old  tests  and  created  new  tests  on  such 
a scale  that  when  the  Bureau  of  Public  Roads  and  The  Asphalt  Institute 
in  1930  undertook  a program  of  simplification  of  liquid  asphaltic  ma- 

terials, they  were  confronted  by  over  seven  hundred  current  products 
required  to  meeet  about  two  hundred  specifications  incorporating  a hundred 
and  nineteen  tests. 

An  immediate  simplification  of  products  and  test  requirements  resulted 
with  the  adoption  of  the  distillation  test,  whereby  liquid  asphaltic  ma- 

terials were  divided  into  the  three  classes  of  SC,  MC  and  RC. 

However,  the  distillation  test  is  unable  to  tell  anything  concerning 
the  serviceability  of  the  distillation  residues. 

Hubbard  states  that  while  the  six  tests  of  flash,  viscosity  and  distilla- 
tion, on  the  original  material,  and  penetration,  ductility,  and  solubility 

in  carbon  disulphide,  on  the  distillation  resdues,  have  been  generally 
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satisfactory  for  cut-backs,  this  is  not  true  in  the  case  of  the  SC’s  for 
which  further  tests  to  indicate  probable  service  behaviors  are  required. 

As  the  next  important  test  in  the  transition  from  purely  identifica- 
tion to  quality  tests,  Law  lists  the  Oliensis  spot  test.  Together  with  Carney 
and  Grant,  he  believes  that  the  Oliemsis  test  affords  a direct  insight 
into  the  heat  treatment  an  asphalt  has  undergone  during  manufacture. 
Hveem  states  that  some  crudes  which  have  not  been  heated  will  show 
the  same  characteristics  in  this  test  as  overheated  asphalts.  However,  the 
modified  Oliensis  test  may  eliminate  border  line  cases,  and  in  determining 
the  degree  of  heterogeneity  may  explain  the  varying  success  of  heterogeneous 
materials  in  highway  construction. 

The  authors  of  all  three  papers  refer  to  the  possibility  that  Benson’s 
coagulation  test  may  be  developed  into  an  index  of  service  behavior. 

From  the  work  of  Traxler  and  Combs  on  the  etching  of  bituminous 
surfaces  to  indicate  the  amount  of  time  hardening  which  may  occur 
due  to  a rearrangement  of  the  colloidal  structure  of  an  asphalt,  and 
from  the  reaction  of  the  coagulated  portion  of  the  films  to  solvents 
as  reported  by  Benson,  Carney  and  Grant  suggest  that  Traxler  and  Ben- 
son may  be  attacking  the  same  problem  from  a different  angle. 

In  connection  with  the  breakdown  of  bituminous  materials,  Thurston 
and  Knowles  have  shown  that  the  asphaltenes  are  the  most  easily  oxidized 
fraction  of  asphalts,  and  that  oxidation  occurs  through  the  absorption  of 
oxygen.  The  oily  constituents  are  the  least  easily  oxidized  constituent. 
It  is  possible  that  the  asphaltenes  in  asphalts  are  protected  from  oxidation 
by  the  resins. 

Strieter  reported  the  formation  of  water  soluble  products  in  asphalts 
exposed  to  light  as  being  responsible  at  least  in  part  for  the  failure  of 
asphalt  coatings. 

A number  of  tests  which  have  been  proposed  to  indicate  service 
behavior  are  discussed  by  Carney  and  Grant. 

They  believe  that  the  ‘‘Fluidity  Factor”  is  not  a satisfactory  criterion 
of  service  behavior.  They  state  that  the  assumption  upon  which  this 
test  is  based,  namely  that  certain  viscosity  characteristics  can  be  obtained 
by  one  and  only  one  combination  of  constituents  in  an  asphalt,  is  not  correct 
because  a low  rate  of  change  of  viscosity  with  temperature  may  be  due 
either  to  highly  saturated  non-pol ar  compounds,  or  to  the  presence  of 
colloidal  matter. 

They  consider  the  role  of  sulphur  in  asphalts  to  be  too  little  under- 
stood to  make  a sulphur  clause  any  guarantee  of  the  quality  of  an  asphalt. 

They  believe  that  the  curve  formed  in  the  ductility  tension  test  of 
Grant  and  Pullar  is  characteristic  for  each  asphalt  and  indicates  a certain 
definite  composition.  They  believe  this  test  might  furnish  a rapid  method 
for  indicating  the  percentage  of  asphaltenes,  resins,  and  oily  constituents 
in  an  asphalt. 

The  desirability  for  developing  a test  which  will  evaluate  the  prop- 
erties of  the  various  constituents  of  asphalts,  particularly  the  resins,  is 
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suggested.  They  believe  that  if  the  resins  extraced  by  the  Furfurol  and 
Duosol  processes  are  representative,  that  the  binding  qualities  of  an  asphalt 
reside  largely  in  the  resins. 

Law  describes  his  own  experiments  with  the  weatherometer  for  de- 
termining the  service  behavior  of  bituminous  materials  as  discouraging, 
no  characteristic  breakdown  occurring  even  after  several  months  exposure. 

Hubbard  believes  the  most  important  progress  in  the  testing  of  bitumi- 
nous materials  has  been  in  the  field  of  bituminous  mixtures.  He  states 
that  engineers  are  beginning  to  understand  that  the  characteristics  of 
the  mineral  aggregate  with  which  a bituminous  material  is  combined,  is 
as  important  to  the  serviceability  of  the  finished  mix  as  the  character- 
istics of  the  bitumen  itself.  The  interfacial  energy  relations  between 
bitumen  and  aggregate,  and  the  proportions  in  which  they  are  combined, 
may  result  in  success  or  failure  in  service. 

Hubbard  gives  a brief  review  of  research  on  the  mechanical,  physical, 
and  chemical  testing  of  bituminous  mixtures. 

Mechanical  tests  are  made  on  compacted  bituminous  mixtures.  They 
are  designed  to  determine  the  resistance  of  such  mixtures  to  applied  loads, 
and  are  considered  to  determine  the  ability  of  the  mixture  to  retain 
its  original  form  in  the  pavement  under  the  load  and  thrust  of  traffic. 
Stability,  compression,  and  shear  tests,  have  been  used,  and  all  give  in- 
formation of  practical  value  which  can  be  correlated  to  service  be- 
havior. Skidmore,  Yokac,  Hveem,  Hubbard  and  Field,  and  other  investi- 
gators, have  published  the  results  of  researches  on  these  tests.  A standard 
test  is  urgently  required  in  this  field  in  order  that  stability  may  be 
expressed  in  standard  units. 

Resistance  to  the  cracking  of  pavements  in  service  has  been  studied 
from  the  standpoint  of  characteristics  of  compacted  mixtures  at  low  tem- 
peratures by  Rader,  and  Raschig  and  Doyle.  From  an  impact  and  cross  j 
bending  test,  they  conclude  that  at  low  temperatures  a pavement  should 
develop  a low  modulus  of  elasticity  accompanied  by  a high  modulus  of 
rupture. 

Krchma,  in  his  paper,  gives  a brief  but  quite  complete  summary  of 
criticism  of  these  tests  by  Yokac,  who  found  that  the  compressive  strength, 
elastic  limit,  and  modulus  of  elasticity,  were  most  satisfactorily  correlated 
with  the  service  behavior  of  the  bituminous  mixtures  with  which  he 
worked. 

I 

Hubbard  believes  the  determination  of  density  per  cent  of  voids  to 
be  of  value  when  proportioning  the  components  of  a mix.  He  believes 
it  is  desirable  to  determine  the  average  size  of  voids  in  order  to  select 
the  proper  bitumen  for  the  aggregate,  since  the  bitumen  carrying  capacity 
of  the  aggregate  is  largely  governed  by  the  percentage  and  size  of  voids 
in  relation  to  the  viscosity  of  the  bitumen. 

He  states  that  water  absorption  does  not  depend  on  percentage 
of  voids  alone,  since  some  mixes  of  high  voidage  become  sealed  against 
water  absorption  at  exposed  surfaces  when  compacted. 
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lie  suggests  that  changes  in  the  physical  properties  of  bituminous 
mixtures  under  an  accelerated  weathering  test  may  be  made  to  yield 
as  valuable  information  as  any  test  on  the  original  bitumen  or  on  the 
bitumen  extracted  from  such  mixtures. 

In  discussing  chemical  tests,  Hubbard  states  that  no  satisfactory  method 
for  recovering  bituminous  materials  from  mixes  particularly  cut-backs 
has  yet  been  developed.  He  believes  the  effect  of  centrifuging  upon  re- 
covered bitumen  requires  investigation,  since  certain  constituents  may  be 
removed,  and  the  recovered  portion  thereby  not  representative  of  bitumen 
in  the  mix. 

He  refers  to  the  excellent  work  being  done  toward  the  development 
of  tests  for  soil  bitumen  mixtures  in  connection  with  soil  stabilization 
programs. 

In  connection  with  the  improvement  of  the  service  behavior  of  bitumi- 
nous materials,  Carney  and  Grant  suggest  that  this  might  be  effected 
at  the  refinery  by  blending  to  obtain  certain  definite  proportions  of 
asphaltic  constituents.  This  presupposes  of  course,  that  the  engineer  knows 
what  proportions  to  specify  from  a knowledge  of  the  effect  of  each 
asphaltic  constituent  on  the  finished  asphaltic  product. 

The  hardening  of  bituminous  materials  in  service  has  been  reported 
by  many  investigators.  Some  reliable  test  to  evaluate  the  relative  re- 
sistance of  bituminous  materials  to  undue  hardening  under  service  con- 
ditions is  needed.  Progress  along  this  line  which  may  lead  to  the  desired 
test  has  been  made  by  the  recent  researches  of  Steinbaugh  and  Brown, 
Hubbard  and  Gollomb,  Skidmor  and  Abson,  Nicholson,  and  Raschig  and 
Doyle. 

Tremper  believes  that  the  time  has  not  yet  arrived  when  resistance 
to  undesirable  hardening  may  be  included  as  a specification  require- 
ment. 

However,  the  Michigan  State  Highway  Department  have  recently  speci- 
fied that  the  bitumen  extracted  from  a pavement  immediately  after  con- 
struction shall  not  have  decreased  by  more  than  50%  of  the  original 
penetration,  and  the  ductility  of  the  recovered  bitumen  shall  be  not  less 
than  40  cm. 

Contractors  not  complying  with  this  specification  have  been  severely 
penalized. 

Law  suggests  that  to  encourage  research  with  the  idea  of  simply  de- 
veloping some  miracle  quality  or  service  test  will  not  only  fail  to  solve 
the  problems  which  have  just  been  discussed,  but  will  probably  lead  to 
disappointment.  To  date,  research  accomplishments  have  results  from  the 
uncoordinated  work  of  interested  individuals  with  the  result  that  there 
has  been  only  a confusion  of  individual  experiences  rather  than  the 
development  of  broad  basic  principles.  He  states  that  active  co-ordinated 
research  awaits  only  the  provision  of  adequate  financing,  and  that  this 
should  be  the  responsibility  of  all  groups  concerned  with  the  manu- 
facture and  use  of  asphaltic  road  materials. 
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RESEARCH  APPLIED  TO  MAINTENANCE 


Mr.  F.  N.  Hveem  of  the  Division  of  Highways  of  California  pre- 
pared a paper  on  this  rather  difficult  topic. 

Hveem  states  that  for  the  most  part,  maintenance  methods  and  opera- 
tions for  the  purpose  of  correcting  existing  faults  or  damage  to  bituminous 
surfaces,  are  the  result  of  experience  gained  through  trial  and  error,  and 
have  not  often  been  made  the  subject  of  research  as  this  term  is  used 
in  the  laboratory. 

Viewing  the  matter  broadly  however,  the  application  of  research  to 
maintenance  indicates  that  in  the  end  almost  the  sole  purpose  of  re- 
search is  to  reduce  the  cost  of  maintenance.  Even  where  research  results 
in  cheaper  methods  for  achieving  satisfactory  results,  the  term  satis- 
factory always  implies  durability  and  minimum  maintenance  expense,  so 
that  regardless  of  the  particular  problem  investigated,  the  maintenance  de- 
partment is  the  ultimate  beneficiary. 

Hveem  believes  that  the  burden  of  trying  out  the  new  ideas  developed 
by  research  most  frequently  falls  on  the  construction  engineer,  some- 
times involving  increased  cost.  However,  the  maintenance  cost  may  be 
so  reduced  by  the  innovation  that  the  overall  cost  is  lowered. 

He  believes  that  a discussion  of  the  effect  of  research  on  mainten- 
ance can  rightfully  include  a discussion  of  almost  all  research  related 
to  the  construction  of  highways,  and  he  discusses  this  under  several  head- 
ings. 

(1)  Subgrade. 

While  the  recognition  of  the  necessity  for  adequate  foundations  by 
highway  engineers  is  now  universal,  many  roads  are  still  built  on  in- 
edaquate  foundations. 

Hveem  briefly  reviews  the  necessity  for  drainage,  and  the  beneficial 
effect  of  the  various  soil  stabilization  processes. 

He  believes  that  the  penetrating  power  of  water  is  greater  in  the 
vapour  than  in  the  liquid  state,  and  that  attempts  to  interrupt  capillarity 
by  the  use  of  a layer  of  open  gravel  with  large  pores,  may  not  be  suc- 
cessful due  to  the  passage  of  water  vapour  through  the  layer,  and  its 
condensation  against  the  layer  above. 

He  suggests  that  many  failures  of  dense  graded  oil  mix  surfaces  | 
are  due  to  water  vapour  rather  than  capillary  water. 

He  has  found  that  the  sealing  of  dense  graded  bituminous  mixes  ! 
placed  over  wet  sand  has  decreased  the  stability  of  these  as  compared 
with  unsealed  specimens.  Even  though  the  sealed  specimens  lost  stability  ; 
the  increase  in  moisture  content  was  only  slightly  higher  than  for  the 
unsealed  specimens.  Hveem  believes  this  checks  observations  in  the  field 
where  a small  amount  of  moisture  entering  a bituminous  surface  in  the 
vapour  state  may  cause  more  damage  than  larger  amounts  of  capillary 
moisture.  He  suggests  therefore  that  in  considering  seals,  some  considera- 
tions should  be  given  as  to  whether  more  water  rises  annually  from  below  ! 
than  a mixture  would  absorb  from  rain  or  snow. 
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He  draws  attention  to  the  often  observed  profusion  of  plant  growth  on 
the  sides  of  many  oiled  highways,  which  may  be  due  to  the  presence  of 
an  excess  of  capillary  water  trapped  by  the  impervious  bituminous  mat. 
He  suggests  a possible  research  problem  in  the  development  of  an  ideal 
plant  with  a well  developed  root  system  for  gathering  moisture,  and 
with  the  type  of  foliage  to  rapidly  dissipate  it,  as  a measure  for  stabilizing 
the  subgrades  of  existing  roads  where  reconstruction  is  not  possible. 

He  mentions  another  type  of  mat  failure  due  to  subgrade  conditions 
where  the  cause  is  rather  obscure.  Certain  subgrade  soils  appear  to  possess 
such  a degree  of  resiliency,  that  the  unusual  bending  of  the  pavement 
slab  under  passing  loads  induces  abnormal  stresses  resulting  in  waves 
and  ripples  in  the  pavement.  He  believes  that  measurements  of  amplitude 
and  frequency  of  slab  movement  would  throw  light  on  certain  types  of 
pavement  failures. 

(2)  Base  Courses. 

Hveem  believes  the  most  frequent  source  of  trouble  traceable  to  base 
courses  is  inadequate  thickness.  Another  is  the  use  of  base  courses  of 
clean  rock  without  fines  over  subgrades  which  are  plastic  when  wet.  Mud 
works  up  into  the  voids  of  such  a base  course  destroying  its  useful- 
ness. 

The  continued  use  of  the  cementing  value  test  in  the  construction 
of  base  courses  is  outmoded  he  believes,  because  of  the  tendency  of  the 
test  to  encourage  the  use  of  clay  binders  which  may  lubricate  the  stone 
particles  when  the  moisture  contents  are  high. 

In  placing  graded  crushed  rock  or  gravel  base  course  the  tendency  of 
the  material  in  these  to  segregate  during  construction  may  be  avoided 
by  the  use  of  a slurry  base,  in  which  the  aggregate  is  premixed  with  a 
controlled  amount  of  minus  200  mesh  dust,  and  sufficient  water  to  insure 
its  thorough  distribution.  This  permits  ready  compaction  when  the  mix- 
ture is  spread  on  the  subgrade. 

(3)  Aggregates. 

Hveem  states  that  ideas  concerning  aggregates  have  changed,  and  that 
investigations  of  existing  dense  graded  mixtures  indicate  that  hardness 
of  the  rock  is  of  minor  importance  for  these. 

Much  costly  maintenance  has  been  caused  in  the  past  because  of  the 
failure  to  recognize  that  many  mineral  aggregates  were  not  suited  for 
bituminous  construction  due  to  the  tendency  of  bitumen  to  strip  from 
them  in  the  presence  of  water.  Research  has  recently  pointed  this  out 
and  protective  measures  are  being  proposed.  In  the  meantime,  the  use  of 
the  various  stripping  tests  for  identifying  such  aggregates  has  brought 
about  appreciable  savings  in  the  cost  of  maintenance. 

In  general,  limestone,  basalt,  and  trap  rock,  are  satisfactory,  while 
it  is  well,  to  view  aggregates  containing  appreciable  amounts  of  quartz, 
chert,  and  rhyolite,  with  suspicion. 
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(4)  Bituminous  Materials. 

Most  asphalt  technologists  agree  that  the  asphalt  content  of  a mix 
should  be  as  high  as  practically  possible.  However,  there  is  a wide  dif- 
ference of  opinion  as  to  how  much  is  too  high.  Undue  emphasis  on  pave- 
ment stability  when  proportioning  the  asphalt  content  leads  to  mixtures 
which  are  too  dry  and  brittle,  while  the  effect  of  too  much  bitumen  is 
too  well  known  to  require  further  comment. 

Hveem  has  observed  that  asphalt  pavements  constructed  from  twenty- 
five  to  thirty  years  ago  are  relatively  free  from  cracking  or  failures, 
and  that  this  cannot  be  said  about  many  recent  pavements.  He  suggests 
that  modern  refining  processes  in  producing  lubricating  oil  and  gasoline 
may  be  removing  certain  essential  protective  colloids,  and  thereby  result- 
ing in  less  stable  asphaltic  materials. 

Hveem  believes  that  the  best  bituminous  material  to  use  in  any  situa- 
tion is  the  cheapest  one  w’hich  will  serve  the  purpose,  and  that  when  this 
criterion  is  applied,  there  are  very  few  cases  for  which  slow  curing  oils 
are  not  suited. 

(5)  Special  Problems. 

Under  this  heading  Hveem  discusses  the  design  of  patching  material. 
Since  this  material  was  at  times  unsatisfactory,  California  made  an  in- 
vestigation of  both  satisfactory  and  unsatisfactory  patching  materials.  They 
concluded  that  the  aggregate  must  be  neither  too  coarse  nor  too  fine,  and 
the  oil  neither  too  heavy  or  too  light. 

Hveem  gives  the  gradations  of  four  patching  mixtures  together  with 
the  recommended  bitumen  contents,  which  have  been  standardized  as 
patching  materials  in  California.  He  lists  satisfactory  grades  of  bituminous 
materials  for  these  patching  mixtures  as  SC-4,  ROMC-3,  and  MC-2,  Cali- 
fornia preference  being  in  the  order  indicated. 


63 


(Standing-,  Left  to  Rig;ht) : L.  C.  Krchma,  A.  E.  Stoddard,  W.  M.  Carney,  Roland  Yokac 
(Seated,  Left  to  Rig-lit) : Baxter  I Scog-gin,  Hans  F.  Winterkorn,  Norman  W.  McLeod,  E.  L 

Wales,  O.  L.  Stokstad,  W.  S.  Housel. 


Conference  on 

Progress  in  Research  as  Related  to  the  Construction  and 
Maintenance  of  Bituminous  Surfaces 

CHAIRMAN,  N.  W.  McLEOD,  Research  Engineer 
Department  of  Highways  and  Transportation 
Regina,  Saskatchewan,  Canada 

Conference  Board 

E.  L.  WALES,  Testing  and  Materials  Engineer 

State  Highway  Commission 
Little  Rock,  Arkansas 

PROF.  W.  S.  IIOUSEL,  Research  Consultant 
State  Highway  Department 
Ann  Arbor,  Michigan 

DR.  HANS  F.  WINTERKORN,  Research  Engineer 
State  Highway  Department 
Jefferson  City,  Missouri 

WILLIAM  CARNEY,  Chief  Chemist 
Lion  Oil  Refining  Company 
El  Dorado,  Arkansas 

L.  C.  KRCHMA,  Service  Engineer 
Asphalt  Department,  Socony-Vacuum  Oil  Company 
Kansas  City,  Missouri 

0.  L.  STOKSTAD,  Soils  Engineer 
Michigan  State  Highway  Depar intent 
Lansing,  Michigan 

A.  E.  STODDARD 

Ass’t.  Engineer  of  Materials  and  Tests 
Iowa  State  Highway  Commission 
Ames,  Iowa 

ROLAND  YOKAC,  Paving  Engineer 
Barber  Asphalt  Corporation 
Barber,  New  Jersey 

BAXTER  I.  SCOGGIN 
Col-Tex  Refining  Company 
Oklahoma  City,  Oklahoma 

F.  F.  IIAYEY,  Engineer  of  Materials  and  Tests 

State  Highway  Commission 
Indianapolis,  Indiana 


—65— 


Mr.  McLeod: 


Dr.  Hans  F. 
Winterkorn : 

Missouri 


Mr.  McLeod: 

Prof,  W.  S. 
Housel : 

Michigan 


In  the  discussion  this  afternoon  we  will  follow  pretty 
much  the  outline  that  was  covered  during  the  summary 
that  was  given.  We  will  take  “ Soils  and  Soil  Stabiliza- 
tion” first,  followed  by  “Bituminous  Mixtures,”  “Bitumi- 
nous Materials,”  and  “Reserach  as  Applied  to  Mainten- 
ance.” 

We  will  begin  the  discussion  on  “Soils  and  Soil 
Stabilization.”  The  first  topic  will  be  “Soil  Mechanics.” 
The  meeting  is  now  open  for  a discussion  of  that  topic. 

I saw  in  Mr.  Housers  paper  that  there  were  two  concepts 
of  stability  in  the  case  of  cohesive  soils.  One  concept  to 
which  Mr.  Housel  refers  is  that  which  emphasizes  the 
importance  of  shearing  stability,  or  shearing  tests.  The 
other  point  of  view  is  that  of  the  school  of  Terzaghi,  which 
emphasizes  compaction.  Now,  I think  that  both  schools 
have  good  evidence  for  their  point  of  viewT,  and  I wonder 
whether  one  could  not  bring  those  two  points  of  view 
together  in  one  way  or  other,  perhaps  on  the  basis  of 
the  physical-chemical  properties  of  the  soils  in  ques- 
tion. 


It  seems  to  me  that  these  two  points  of  view  may 
both  be  right,  but  that  they  concern  themselves  with 
separate  phenomena  in  a continuous  succession  of  phe- 
nomena which  should  be  logically  connected.  I wonder 
whether  Mr.  Housel  would  say  something  about  this 
point. 

That  sounds  like  a very  good  question.  Have  you  any 
reply,  Professor  Housel? 

The  question  that  Dr.  Winterkorn  has  brought  up  is  one 
that  has  frequently  been  the  subject  of  discussion  in 
meetings  of  this  kind,  and  during  the  last  year  or  so 
I have  had  to  answer  this  question  several  times.  I think 
it  is  an  excellent  one  for  the  reason  that  it  appears  to 
practicing  engineers  that  when  the  investigators  have 
differences  of  opinion  and  are  not  able  to  agree  among 
themselves,  it  seems  a rather  hopeless  task  for  the  prac- 
ticing engineers  to  get  some  practical  benefit  from  soil 
mechanics  research. 

As  Dr.  Winterkorn  indicated,  there  probably  isn’t 
so  much  difference  of  opinion  regarding  the  subject 
as  there  is  a tendecny  to  emphasize  different  phenomena, 
and  I think  this  is  strictly  true  with  this  so-called  divi- 
sion into  two  groups,  one  emphasizing  consolidation  of 
the  soil  and  the  other  emphasizing  plastic  flow  or  shearing 
resistance.  With  the  help  of  the  blackboard  I will  try 
to  do  what  Dr.  Winterkorn  has  suggested  and  bring 
out  wherein  these  two  differences  of  opinion  may  really 
be  brought  into  substantial  agreement. 
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Incidentally,  I rather  got  the  impression  from  the 
review  by  Mr.  McLeod  that  there  were  two  diametrically 
opposed  points  of  view.  That  is  not  strictly  so.  I hope 
that  I did  not  create  that  impression  in  my  paper,  be- 
cause it  isn’t  a matter  of  absolute  disagreement,  but  rather 
a difference  in  emphasis  on  two  phenomena.  I know  of  no 
better  way  to  illustrate  that  to  you  than  to  take  an 
illustration  from  some  of  the  practical  problems  of  founda- 
tion soils  and  then  to  apply  it  to  a bituminous  road  sur- 
face. 

If  we  consider  the  settlement  of  a structure  on  a 
soft  foundation  soil,  we  can  represent  what  actually  hap- 
pens in  the  field  by  a settlement  curve  which  indicates 
the  settlement  of  the  structure  with  the  passing  of  time. 
When  the  load  is  placed  on  an  indefinite  mass  of  soil 
and  the  settlement  measurements  are  taken,  there  is  an 
initial  period  of  consolidation,  or  comparatively  rapid 
settlement,  which  may  be  a few  hours  in  the  case  of  a 
test  size  of  area  or  it  may  be  a few  years  in  the  case 
of  larger  foundations,  and  it  is  during  that  period  that 
consolidation  of  the  soil  as  measured  by  the  confined 
consolidation  test  is  of  major  importance. 

Now,  after  that  initial  period  of  consolidation  has 
elapsed,  one  of  two  things  is  liable  to  happen.  If  the 
load  placed  on  the  body  of  soil  does  not  exceed  what  I 
would  call  the  bearing  value  of  the  soil,  the  curve 
should  flatten  out  with  the  consolidation  complete  for 
all  practical  purposes.  I make  that  qualification  because 
of  the  fact  that  there  will  probably  be  some  slow  ad- 
justment taking  place  over  periods  of  time  that  could 
be  compared  to  geological  periods  of  time.  Considering 
the  life  of  structures,  we  are  not  too  much  interested 
in  that  smaller  increment  of  settlement  that  would  extend 
over  many  years,  perhaps  even  more  than  the  life  of 
the  structure,  so  for  practical  purposes  we  can  say  that 
if  the  bearing  value  of  the  soil  is  not  exceeded  the  settle- 
ment will  stop. 

If,  however,  the  load  placed  on  the  soil  is  in  excess 
of  that  of  the  ability  of  the  soil  to  develop  the  concen- 
tration of  pressure,  which  depends  primarily  on  shearing 
resistance,  we  have  wdiat  is  commonly  known  as  plastic 
flow.  As  a matter  of  fact  when  plastic  solids  were  first 
defined  by  Maxwell,  back  in  the  last  century,  the  defini- 
tion of  plastic  flow  was  “the  continued  deformation 
without  rupture  , which  progressed  at  a uniform  rate 
with  time. 

This  (indicating  on  blackboard),  straight  line  rela- 
tion between  deformation  and  time  represents  what 
happens  when  we  have  plastic  flow.  Five  years  ago,  I 
would  say,  the  viewpoint  on  this  subject  that  emphasized 
consolidation,  took  the  position  that  the  stresses  or  the 
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load  necessary  to  cause  failure  in  shear  corresponded 
to  rupture  stresses,  something  much  higher  than  would 
produce  the  slow  flow  of  plastic  materials.  This  view- 
point didn’t  consider  that  the  amount  of  plastic  flow 
could  be  of  more  than  negligible  importance,  so  they 
emphasized  consolidation  quite  to  the  exclusion  of  plastic 
flow. 

1 don’t  believe  that  is  true  today,  because  all  in- 
vestigators in  soil  mechanics  recognize  that  plastic  flow 
is  of  importance  in  cohesive  soils.  In  fact,  Dr.  Terzaghi, 
at  the  last  International  Soil  Conference,  said  it  was  his 
observation  that  many  of  these  settlement  curves  indi- 
cated that  the  settlement  approached  a uniform  rate 
greater  than  zero,  which  calls  attention  to  the  fact  that 
plastic  flow  must  be  considered.  Therefore,  the  two 
schools  are  in  essential  agreement  with  respect  to  the 
fact  that  you  must  consider  both  plastic  flow  and  con- 
solidation. 

Such  remaining  differences  of  opinion  have  to  do 
with  whether  or  not  soil  has  a definite  shearing  limit, 
a definite  yield  value.  In  other  words,  there  is  still  a 
difference  of  opinion  as  to  whether  it  is  possible  for  the 
soil  water  system  to  come  to  a condition  of  static  equi- 
librium at  shearing  stresses  less  than  the  yield  value 
which  would  correspond  to  no  further  settlement. 

Perhaps  a diagram  on  the  borad  would  best  show 
the  physical  phenomenon  involved.  If  the  load  is  placed 
on  a bearing  area  such  as  indicated  on  the  board  in 
generally  accepted  theory  of  materials,  (cohesive  ma- 
terials that  have  shearing  resistance),  the  load-carrying 
capacity  of  that  mass  is  dependent  upon  the  maximum 
pressure  which  can  be  developed  on  an  element  of  the 
mass,  which  for  the  two-dimensional  case  may  be  selected 
as  a cube  immediately  beneath  the  bearing  area.  The 
ability  of  that  particular  element  to  carry  the  load 
apart  from  the  confining  influence  of  the  surrounding 
mass  is  a function  of  shearing  resistance. 

In  other  words,  before  failure  of  that  particular 
element  can  take  place  the  shearing  resistance  must  be 
overcome,  and  the  definite  criterion  of  failure  based  on 
the  maximum  shear  theory,  is  that  the  difference  between 
the  two  principal  stresses,  the  vertical  stress  and  the 
horizontal,  is  equal  to  twice  the  shearing  resistance  of 
the  material. 

When  failure  does  take  place,  the  failure  planes  are 
45°  planes  of  maximum  shear  which  are  indicated  as 
diagonal  planes  in  the  figure.  The  failure  actually  de- 
velops into  a penetrating  wedge,  which  is  indicated 
by  full  lines  and  which  is  pressed  down  with  the  bear- 
ing area.  Then  lateral  displacement  of  the  material  takes 
place  wdien  the  horizontal  pressure  is  exceeded,  causing 
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upward  displacement  in  the  adjacent  element,  so  that 
by  considering  the  total  developed  pressure  occasioned 
by  shearing  resistance  on  the  supporting  element  as  well 
as  the  one  immediately  under  the  bearing  area  we  de- 
velop a relationship  for  the  total  load  that  the  mass 
will  carry  the  strength  of  both  elements  depending  upon 
the  cohesion  or  shearing  resistance. 

Finally,  solution  of  the  problem  depends  very  proper- 
ly on  whether  or  not  we  can  measure  a definite  static 
shearing  resistance  of  these  cohesive  materials,  and  that 
is  where  the  suggestion  of  Dr.  Winterkorn  comes  in,  that 
the  solution  may  go  back  to  the  physical  chemistry 
of  soils  and  the  characteristics  of  the  soil-water  system. 
The  suggestion  is  particularly  pertinent,  because  any  con- 
tinued difference  of  opinion  rest  on  that  particular  point. 
I would  say  that  those  who  emphasize  consolidation  con- 
sider the  soil  to  be  a system  made  up  of  two  separate 
phases  of  water  and  solid  particles,  and  they  do  not  re- 
gard the  combination  as  material  in  itself.  Therefore, 
they  talk  about  the  equilibrium  of  the  soil-water  system 
as  if  the  water  in  the  pores  was  not  capable  of  sus- 
taining any  continued  pressure ; that  is,  it  would  follow 
the  laws  of  pure  hydraulic  flow  whenever  concentration 
of  pressure  was  put  on  it,  and  as  the  water  flowed  out 
there  would  be  continued  consolidation  of  the  solid  por- 
tions of  the  mass. 

The  ultimate  answer  depends  primarily  upon  whether 
cohesion  is  due  to  surface  tension  of  the  water  in  the 
capillaries,  which  is  called  by  Terzaghi  “apparent  co- 
hesion,” or  whether  cohesion  is  due  to  the  electrostatic 
forces  acting  at  the  solid  surface  of  the  soil  particles 
through  the  water  molecules  in  the  adsorbed  moisture 
films  between  the  particles. 

I would  say  that  at  the  present  time  the  status 
of  this  problem  is  not  entirely  settled ; that  is,  there 
are  those  of  us  who  believe  cohesion  in  such  a soil- 
water  system  is  a function  of  molecular  attraction  be- 
tween the  water  molecules  and  the  solid  particles,  and 
surface  tension  as  we  know  it,  that  is  the  skin  tension 
at  the  opening  of  the  capillary,  is  just  an  analogy  and 
not  a reality.  That  is  the  position  I would  take  on  that 
very  basic  question. 

There  are  a great  many  others,  on  the  other  hand, 
who  believe  that  surface  tension  furnishes  a more  ac- 
curate description  of  the  equilibrium  of  this  soil-water 
system.  If  surface  tension  is  the  source  of  cohesion,  then 
when  the  soil  is  inundated  and  there  are  no  surfaces  at  the 
openings  of  the  capillaries  to  furnish  that  apparent 
cohesion,  you  must  accept  the  soil-water  system  as  a 
suspension  of  solid  particles  in  water  which  could  not 
have  any  positive  static  shearing  resistance. 
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I have  one  suggestion  that  might  be  used  as  some- 
thing of  an  argument  and  to  me  it  provides  a satis- 
factory answer.  If  you  assume  that  the  surface  of  a 
mass  of  saturated  clay  was  subjected  to  rapid  evapora- 
tion you  would  bring  into  play  the  full  potential  force 
of  capillarity  which  may,  in  equivalent  figures,  amount 
to  a good  many  atmospheres — a tremendous  pressure,  in 
other  words.  Dr.  Terzaghi  has  said  that  the  forces  induced 
in  that  way  are  so  great  that  the  applied  loads  that  are 
placed  on  the  surface  aren’t  even  of  the  same  order  of 
magnitude. 

Then  consider  that  the  evaporation  is  allowed  to 
penetrate  just  a fraction  of  an  inch  below  the  surface. 
The  theoretical  surface  tension  forces  should  be  entirely 
active,  yet  when  the  soil  is  loaded,  if  the  surface  evapora- 
tion is  not  allowed  to  penetrate  more  than  a negligible 
amount  below  the  surface,  it  has  no  measurable  effect 
on  the  ability  of  that  mass  to  carry  the  loads.  It  is  pos- 
sible to  alternately  wTet  the  surface  and  dry  it  out,  and 
so  long  as  the  change  in  moisture  content  is  now  allowed 
to  penetrate  it  does  not  apparently  have  any  measurable 
effect.  This  common  experience  is  one  reason  that  could 
be  taken  to  indicate  that  these  hypothetical  surface  ten- 
sion forces  are  analogies  rather  than  realities. 

Thank  you,  Professor  Housel,  that  is  very  helpful  dis- 
cussion. Is  there  any  other  discussion? 

In  connection  with  the  design  of  a subgrade,  I wonder 
if  Professor  Housel  could  explain  at  what  moisture  con- 
tent the  determination  should  be  made  to  give  a bearing 
power  which  could  be  used  in  the  design. 

I’m  sorry.  I said  that  after  talking  about  foundations 
I would  say  something  about  the  design  of  a road  sur- 
face. I neglected  to  do  that. 

Suppose  that  we  were  considering  moving  loads  over 
a flexible  surface  with  a clay  subgrade  beneath  it.  If 
consolidation  is  the  major  source  of  settlement,  the  loads 
traveling  over  the  surface,  spread  out  over  a consider- 
able period  of  time,  would  each  consolidate  the  support- 
ing soil  a little,  and  it  should  come  to  definite  equilibrium 
at  some  stage  without  having  the  surface  fail  as  it 
does  under  rutting  and  displacement  of  the  subgrade. 
If,  however,  exceeding  the  plastic  limit,  or  yield  value 
of  the  soil,  as  I have  indicated,  is  the  more  accurate 
conception,  then  plastic  flow  and  displacement  might 
continue  indefinitely  without  any  tendency  to  achieve 
equilibrium  after  some  period  of  time.  Thus  there  is 
considerable  similarity  between  the  settlement  of  struc- 
tures and  the  behavior  of  a flexible  road  surface,  the 
only  difference  being  that  the  bituminous  mat  is  placed 
over  the  subgrade  to  distribute  the  applied  load  and  re- 
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lieve  the  supporting  soil  of  the  high  concentration  of 
pressure  at  the  contact  surface. 

Now,  in  answer  to  Mr.  Stoddard’s  question,  I would 
say  that  we  could  not  prescribe,  as  a general  rule,  the 
definite  moisture  content  for  which  the  shearing  resist- 
ance should  be  measured.  Every  soil  has  its  own  ca- 
pacity to  absorb  water  and  change  its  state,  and  it  is 
generally  felt  that  the  liquid  limit  represents  the  mois- 
ture content  which  produces  negligible  cohesion.  It  is 
also  recognized  that  undistributed  clays  may  have  greater 
strength  than  the  clays  retain  after  manipulation  in 
the  liquid  limit  test.  Thus  in  undisturbed  clays  the  mois- 
ture content  may  be  above  the  liquid  limit  and  the  soil 
still  have  some  shearing  resistance  which  can  only  be 
destroyed  by  working  the  clay. 

It  may  be  possible  that  the  shearing  resistance  of 
every  soil  can  be  correlated  with  its  capacity  to  absorb 
water  and  then  if  we  could  determine  the  annual  cycle 
of  moisture  change  for  a given  soil  out  in  the  field,  we 
could  estimate  for  example  that  in  the  spring  of  the 
year  the  moisture  concentration  was  maximum,  and  shear- 
ing resistance  would  be  decreased  to  a certain  value. 
However,  this  would  have  to  be  done  by  a correlation 
of  the  Atterberg  limit  tests  in  the  laboratory  with  the 
shear  tests  in  the  field. 

Because  of  other  variable  factors  and  the  present 
inadequacy  of  available  data,  the  final  answer  to  Mr. 
Stoddard’s  question  is  that  the  only  positive  answer  is 
an  actual  measurement  of  the  shearing  resistance  of  the 
specific  soil  under  each  specific  condition  to  which  it  is 
subjected. 

Is  there  any  further  discussion? 

I have  in  mind  certain  uncompacted  alluvail  soils  de- 
posited in  quiet  backwater  areas.  The  soil  particles  ap- 
pear not  to  have  assumed  a close  arrangement.  In  that 
condition  the  soils  have  a relatively  large  capacity  for 
water  and  a corresponding  low  resistance  to  plastic 
flow.  Is  it  not  possible  that  the  rate  of  loading  could 
be  adjusted  to  induce  settlement  but  not  plastic  flow? 
In  that  way  would  not  the  gradually  consolidated  soil 
develop  a greater  resistance  to  plastic  flow  than  shear- 
ing and  bearing  tests  on  the  original  material  would 
indicate  ? 

[f  I got  your  question,  Mr.  Schappler,  I think  I could 
answer  it  in  this  way.  When  we  run  a confined  con- 
solidation test  we  can  evaluate  purely  consolidation  • 
that  is,  there  is  no  opportunity  for  shearing  failure  to 
take  place  in  such  a confined  consolidation  test.  When 
wTe  go  out  in  the  field  we  must  remember  that  when 
the  load  is  placed  on  this  material  the  only  confining 
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influence  that  we  have  is  that  which  is  developed  by 
the  surrounding  soil,  which  in  turn  depends  upon  the 
shearing  resistance  of  the  soil.  We  really  have  in  the 
field  unconfined  tests  and  in  the  laboratory  consolida- 
tion a confined  test,  and  it  is  necessary,  in  my  opinion, 
to  evaluate  that  confining  influence  or  maximum  de- 
veloped pressure  which  the  soil  can  develop.  It  has  been 
the  experience  in  load  tests  and  observations  that  I have 
been  connected  with,  that  that  value  is  much  lower  than 
is  ordinarily  admitted,  so  that  the  opportunity  for  con- 
solidation of  the  underlying  strata  to  take  place  is  definite- 
ly limited  by  that  confining  influence. 

I didn’t  hear  you  well,  Mr.  Schappler.  Does  that 
answer  you  question? 

Yes. 

Professor  Housel  mentioned  some  tests  that  were  run  by  the 
Michigan  State  Highway  Department  to  test  his  theory 
of  design  of  flexible  surfaces.  You  are  probably  fa- 
miliar with  his  paper.  I believe  that  the  engineers  present 
would  like  to  hear  from  Professor  Housel  as  to  his  ideas 
concerning  the  relative  thickness  of  base  course  over  clay 
subgrade  and  sand  subgrade  under  say  a three-inch 
bituminous  mat.  Would  you  care  to  discuss  that.  Profes- 
sor Housel? 

I can  give  you  my  idea.  I don’t  say  that  I will  answer 
it.  In  the  design  of  flexible  surfaces  where  we  have 
attempted  to  apply  the  conception  of  shearing  resistance 
as  the  controlling  element  at  least  in  cohesive  materials, 
the  problem  is  simply  an  extension  of  the  one  we  have 
just  been  discussing,  except  that  a slab,  or  structural 
element,  is  inserted  between  the  applied  load  and  the 
subgrade.  It  was  our  conception  that  the  most  direct 
method  of  evaluating  the  behavior  of  the  mat  was  to 
measure  the  shearing  resistance  on  the  boundary  planes 
of  the  bearing  area,  a punching  shear,  in  other  words, 
as  the  measure  of  how  much  load  could  be  distributed 
laterally  to  relieve  the  element  of  soil  under  the  cen- 
tral column,  which  we  have  always  supposed  is  the  ele- 
ment that  fails  first  because  it  is  the  one  that  carries 
the  concentration  of  pressure  from  the  central  column. 

I won’t  discuss  the  formula  at  all;  a number  of  you 
may  be  familiar  with  the  previous  article.  The  formula 
is  set  up  on  the  basis  that  the  thickness  should  be  suf- 
ficient to  supply  shearing  resistance  on  the  boundary 
planes  sufficient  to  reduce  the  applied  pressure  so  that 
it  doesn’t  exceed  the  allowable  bearing  value  of  the 
subgrade.  In  the  load  tests  at  the  Michigan  State  High- 
way Department  actual  load  tests  were  made  on  an  oil 
aggregate  surface,  on  a six-inch  gravel  base,  over  sand 
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subgrades  and  over  plastic  clay  subgrades,  and  at  a time 
of  year  when  the  moisture  content  was  at  its  highest  and 
the  subgrade  shear  at  its  lowest.  In  the  analysis  of  those 
tests  it  appears  that  the  way  in  which  the  factors  are 
separated  out  in  the  formula  is  a logical  one.  In  other 
words,  we  are  able  to  evaluate  definitely  the  punching 
shear  through  the  surface  and  by  independent  tests 
measure  the  bearing  value  of  the  subgrade.  These  two 
test  values  as  combined  in  the  formula  check  as  closely 
as  we  would  expect  with  the  bearing  test  value  taken 
from  the  load  test. 

In  a general  way,  as  an  answer  to  Mr.  McLeod’s 
cpiestion  about  sand  subgrades  and  clay  subgrades,  it  is 
my  impression  that  the  standard  practice  of  using,  say, 
a six-inch  flexible  mat  or  a seven-inch  flexible  mat  is 
perhaps  a little  more  than  is  necessary  on  a well  con- 
solidated sand  subgrade,  and  not  enough  for  the  clay 
subgrade  which  has  a rather  low  shear  value  after  the 
spring  break-up.  In  other  words,  this  road  was  actually 
failing  over  the  clay  subgrade  due  to  traffic  loads  that 
were  on  it  during  that  time  of  year,  while  over  the  sand 
subgrade  it  was  standing  up  very  well,  and  our  tests 
indicated  that  the  thickness  could  have  been  cut  down 
over  the  sand  subgrade  and  should  have  been  increased 
over  the  clay  subgrade. 

Thank  you,  Professor  Housel. 

I think  we  had  better  close  the  discussion  on  soil 
mechanics  at  this  point  and  go  on  to  a discussion  of 
“Soil  Classification,”  as  presented  in  Mr.  Stokstad ’s 
paper.  Have  we  any  discussion  of  this?  It  is  a system  of 
classification  which  is  more  or  less  opposed  to  that  which 
is  being  developed  by  the  United  States  Bureau  of  Public 
Roads,  with  which  most  of  you  are  familiar. 

I have  a question  I would  like  to  ask  Mr.  Stokstad.  Does 
the  pedological  classification  of  soils  indicate  what  pave- 
ment designs  should  be  adopted,  and  to  what  extent  does 
this  classification  serve  as  a basis  for  design  in  relation 
to  the  physical  soil  tests? 

I think  your  question,  Mr.  Wales,  involves  the  utility 
of  the  classification  and  its  relationship  to  physical  tests. 

With  respect  to  utility,  it  seemed  to  me  as  I read 
the  papers  prepared  by  the  committee  on  Research,  that 
the  results  of  various  investigators  could  have  been  more 
easily  compared  had  their  writings  contained  informa- 
tion relative  to  the  zonal  groups  involved.  For  instance, 
it  seems  reasonable  to  expect  that  the  characteristics 
of  bituminous  materials,  (as  indicated  by  test  results) 
used  on  the  Chernozems  of  Texas  should  differ  from  the 
characteristics  of  bituminous  materials  used  on  the  Pod- 
zols of  Michigan.  In  this  connection  I might  suggest  to 
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technicians  in  the  bituminous  industry  that  they  develop 
different  types  of  bituminous  materials  for  use  with  the 
various  zonal  soil  groups — a few  products  standard  for 
the  northern  podzols  and  another  group  of  products  for 
the  red  and  yellow  soils  of  Mississippi. 

Zonal  soil  groups  are  subdivided  into  soil  series, 
the  utility  of  which  depends  upon  their  intelligent  use 
before  any  laboratory  testing  is  done.  For  instance,  last 
month  the  Michigan  Highway  Department  was  faced  with 
the  necessity  of  picking  out  a large  number  of  projects 
for  bituminous  surfacing.  Fortunately  there  were  soil 
classification  surveys  available  on  practically  all  of  these 
projects  and  it  was  possible  from  a study  of  the  soil 
surveys  to  reject  projects  unsuitable  for  the  type  of  sur- 
facing planned.  In  other  words,  the  projects  were  se- 
lected on  the  basis  of  the  soils  to  be  encountered. 

To  further  illustrate  utility,  the  Miami  loam  soil 
series,  for  instance,  is  an  excellent  source  of  clay  ma- 
terial for  stabilization  purposes.  The  Plainfield  series, 
on  the  other  hand,  is  a source  of  sand  for  sub-base  con- 
struction over  Miami  areas,  and  when  occurring  in  the 
grade  requires  shoulder  stabilization. 

The  pedological  classification  differs  from  some  other 
classifications  in  relation  to  physical  tests  in  that  it  is 
made  before  any  testing  is  done.  The  classification  being 
an  indicator  of  physical  and  chemical  properties,  tells 
us  where  to  test  and  what  tests  to  run.  The  name  Miami 
loam  not  only  tells  us  something  of  texture,  structure, 
drainage,  etc.,  but  also  indicates  a definite  range  in  P.I. 
The  Plainfield  series  on  the  other  hand  is  a granular 
soil  with  a P.  I.  of  0 and  would  therefore  not  be  sampled 
for  tests  designed  to  express  the  properties  of  cohesive 
soils. 

The  pedological  classification  supplies  a great  deal 
of  general  information  for  design  purposes.  It  tells  us 
what  to  expect  from  the  various  soils  as  foundation  ma- 
terials and  how  they  should  be  treated.  When  specific 
information  is  needed  about  some  special  property,  samples 
are  collected  and  tests  performed  in  the  laboratory.  The 
economy  of  classification,  then,  insofar  as  physical  tests 
are  concerned,  lies  in  its  ability  to  indicate  beforehand 
where  to  test  and  what  tests  to  make. 

Does  that  answer  your  question,  Mr.  Wales? 

Yes. 

Would  anyone  care  to  add  anything  further  to  this  dis- 
cussion of  soil  classification? 

I would  like  to  ask  this  question : From  what  Mr.  Stok- 
stad  says,  it  seems  that  soils  can  be  classified  before 
testing.  I don’t  understand  that,  exactly. 
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By  the  term  “testing”  1 mean  laboratory  testing.  I sup- 
pose that  the  field  work  done  in  classifying  and  mapping 
soils  could  also  be  referred  to  as  “testing.”  Testing  in 
this  sense  consists  of  examining  the  soil  by  observing 
the  environment  and  exposing  the  profile.  The  point  is 
that  routine  laboratory  testing  is  not  necessary  to  classify 
soils  according  to  the  system  used  in  the  science  of 
pedology. 

I wish  to  endorse  the  idea  of  the  pedological  classifica- 
tion of  soils  as  a means  of  helping  the  design  depart- 
ment to  prepare  a reasonable  plan  for  the  construction 
of  roads,  taking  into  account  differences  in  soil.  The  soil 
specialists  with  his  group  classifications  and  definite 
tests  still  is  needed  to  take  care  of  construction  details 
and  to  correct  features  as  they  develop  under  construc- 
tion. 

The  only  criticism  I can  think  of  now  of  that  classifi- 
cation is  due  to  the  soil  scientists  themselves  having  been 
concerned  only  with  agricultural  uses  of  soil.  For  instance, 
you  refer  to  a silt  loam  soil,  and  you  know  that  this  silt 
loam  is  associated  with  maybe  nothing  but  silt  in  the 
lower  horizons.  If  you  talk  about,  say  a Wabash  silt,  that 
is  all  silt ; whereas,  the  Putman  silt  has  a very  shallow 
top  underlain  by  a very  active  clay.  If  you  talk  about 
the  Wabash  clay,  the  Wabash  silt,  and  the  Wabash  sand, 
you  have  one  series  covering  three  radically  different 
kinds  of  soil.  That  is  rather  confusing  to  an  egineer. 

However,  I think  the  whole  matter  is  a fine  way  of 
adapting  what  the  soil  scientists  have  done  for  our  use, 
and  thus  broadening  our  knowledge  of  soils.  For  instance, 
any  design  man  that  has  silt  as  part  of  his  soil  series 
will  know  that  there  are  different  names,  but  he  will 
be  trained  to  design  for  a particular  subgrade.  For  in- 
stance, if  you  tell  him  he  has  gumbo  he  knows  what  he 
has  to  do,  and  that  he  has  to  take  additional  precautions 
on  fill  slopes. 

The  matter  of  pedological  classification  is  mainly  a 
question  of  the  use  of  more  standard  names  for  various 
soils  now  known  by  local  names,  and  familiarizing  the 
engineers  with  the  different  series  and  types. 

Thank  you,  Mr.  Schappler. 

Excuse  me  for  intruding  a moment,  but  the  gentleman 
who  asked  about  classifying  the  soil  before  you  ran  the 
tests  on  it,  left  an  opening  which  I think  is  particularly 
good.  The  question  was  an  excellent  one. 

I wanted  to  point  out  in  that  connection  that  it 
brings  out  the  function  of  classification  very  well.  After 
you  have  run  the  tests  on  a soil  which  have  to  do  with 
design,  there  is  no  further  need  for  classification.  You 
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have  the  specific  information  to  go  ahead  with  your 
practical  problem,  so  that  classification  becomes  unnec- 
cessary  when  you  have  that  information. 

In  other  words,  the  function  of  classification  is  not 
to  take  the  place  of  specific  design  tests ; it  is,  as  Mr. 
Stokstad  says,  primarily  to  give  you  a picture  of  your 
problem,  and  a general  conception  of  soil  properties  but 
there  is  no  substitute  for  measuring  those  actual  physical 
properties  which  you  must  have  when  you  get  to  the 
specific  design  problem. 

Do  you  get  the  point  there  that  I bring  up?  In 
other  words,  if  we  measure  the  shearing  resistance  of  a 
soil  we  don’t  need  to  know  the  classification  with  re- 
spect to  that  property.  We  aren't  interested  in  it  any 
more,  and  at  the  same  time,  knowing  its  type,  as  in  the 
pedological  classification,  there  is  no  substitute  for  the 
shearing  resistance  test.  We  must  make  that  anyway, 
because  that  could  vary  from  very  low  shear  to  very 
high  shear,  depending  on  its  moisture  content. 

Is  there  any  further  discussion  of  soil  classification?  Is 
anybody  else  interested  in  asking  a question,  or  making 
a further  contribution? 

There  is  one  question  I would  like  to  ask  the  gentleman 
discussing  this  particular  problem  and  it  is  this : Are 
you  speaking  of  soils  which  for  all  practical  purposes 
have  become  static  so  far  as  placement  is  concerned,  or 
are  you  talking  about  soils  that  are  possibly  drifting 
around?  Take  in  the  country  from  which  I come,  in 
prospecting  the  centerline  with  test  pits  we  find  there 
is  such  a conglomeration  of  soils  that  there  is  absolutely 
no  way  of  taking  any  set  of  determinations  you  might 
have,  or  any  set  of  soil  classifications  you  might  pro- 
cure, and  then  expect  to  find  them  to  be  the  same  in 
the  next  cut  from  the  one  you  have  been  prospecting 
in.  In  other  words,  I have  seen  many  times  where  test 
pits  have  been  dug  in  which  you  might  run  into  com- 
paratively heavy  clay  on  the  top  layer;  the  next  layer 
might  be  blow  sand,  the  next  might  be  sand  and  gravel. 
Then  you  go  to  the  next  cut  and  it  might  be  absoluetlv 
reversed.  You  might  get  your  blow  sand  on  top,  your  clay 
below,  and  you  might  not  find  gravel  as  far  as  you  expect 
to  go  in  that  particular  cut  with  the  grade  line. 

Also,  I have  seen  in  sandy  country  around  the  Colo- 
rado River,  where  we  have  found  a saturated  clay  intru- 
sion below  six  or  seven  feet  of  sand.  In  that  c^se  it  was 
the  only  one  that  we  found  on  the  project.  If  we  had 
taken  as  a basis  the  material  found  in  all  the  rest  of 
the  cuts  we  had  been  going  through,  we  never  would 
have  found  this  particular  clay  intrusion  sticking  up  into 
this  one  cut,  so  the  problem  we  have  is  one  in  which  the 
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soil  at  the  present  time  probably  doesn’t  remain  static 
because  of  erosion  conditions. 

The  question  I am  interested  in  is  determining  whether 
or  not  you  have  a static  soil  condition,  and  also  whether 
the  soil  types  you  are  working  in  are  of  an  alluvial  type 
or  whether  they  are  of  gravel  type. 

Do  you  mean  static  over  a period  of  say  two  years  or 
a hundred  years? 

No,  static  over  one  hundred,  two  hundred,  or  a million 
years.  In  our  case  we  get  floods  that  may  change  the 
whole  complexion  of  the  country. 

It  is  of  interest  to  hear,  Mr.  Powers,  that  Arizona  also  has 
widely  varying  soil  conditions  within  a small  area.  The 
materials  from  which  the  soils  of  Michigan  have  developed 
are  of  glacial  origin.  Glacial  drift  is  also  usually  charac- 
terized by  wide  textural  variation  within  short  distances. 
The  geologist  has  found,  however,  in  studying  glacial 
formations  that  there  is  some  order  to  the  manner  in 
which  variations  occur.  This  order  is  reflected  in  the 
soil  classification  with  the  result  that  a certain  soil 
series  indicates  what  may  be  encountered  in  the  deep 
sub-stratum. 

The  Pox  soils  for  instance,  have  developed  on  gravelly 
outwash  plains  which  supply  very  uniform  and  excellent 
subgrade  materials. 

The  Bellefontaine  series,  on  the  other  hand,  is  similar 
to  the  Fox  series  except  that  it  occurs  on  glacial  moraines 
rather  than  on  out-wash  plains  and  for  this  reason,  is 
characterized  by  wide  textural  variations  in  the  sub- 
stratum. 

Suppose  that  we  have  a proposed  highway  project  on 
which  there  is  a combination  of  Fox,  Bellefontaine  and 
Miami  soils.  The  simple  operation  of  making  the  classifica- 
tion, then,  tells  us  where  to  look  for  trouble  and  what 
to  expect.  We  know  that  the  Fox  areas  will  be  trouble 
free.  The  Bellefontaine  areas,  occurring  in  rolling  morainic 
sections,  require  careful  checking  for  conditions  causing 
frost  heaving.  The  Miami  series,  being  a plastic  soil, 
presents  problems  entirely  different.  Design  activities  and 
construction  procedures  are  regulated  accordingly. 

Michigan  also  has  wind  shifting  soils  in  the  form 
of  sand  dunes.  When  the  Designer  sees  Bridgman  sand 
on  the  soil  map  he  knows  that  he  must  provide  for  the 
control  of  wind  erosion. 

May  I ask  another  question?  In  making  this  analysis,  or 
soil  survey,  as  you  call  it,  how  closely  do  you  define 
the  particular  area  in  which  you  are  working — 50  feet, 
100  feet,  one  mile,  two  miles  or  what? 
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The  soil  survey  consists  of  making  a strip  map  for  an 
area  200  feet  or  more  in  width.  In  most  cases  the  soil 
boundaries  are  correct  to  within  a few  feet.  Sometimes 
there  are  relatively  wide  transitional  areas  between  one 
soil  and  another  in  which  case  two  independent  mappers 
might  not  agree  as  to  the  exact  location  of  the  boundary. 
Soil  boundaries  are,  however,  often  controlled  by  topo- 
graphy or  drainage  and  therefore  easily  located. 

The  proposed  right-of-way  is  studied  in  detail  in 
order  that  the  survey  may  be  complete.  The  distance 
covered  in  one  day  varies  from  2 to  10  miles  a day, 
depending  on  the  complexity  of  soil  conditions  encoun- 
tered. 

I think  we  had  better  close  the  discussion  on  soil  classifi- 
cation. I have  had  occasion  myself  to  be  very  much  im- 
pressed with  the  utility  of  the  pedological  system  of  soil 
classification  as  it  has  been  so  capably  developed  for, 
and  applied  to  highway  engineering  by  Mr.  Stokstad  and 
his  staff  of  soils  engineers  in  Michigan.  Mr.  Stokstad 
will  be  here  during  the  rest  of  the  Conference  and  I think 
it  will  be  well  worth  while  for  any  of  those  who  are 
interested  to  talk  to  him  individually. 

The  next  section  we  will  discuss  is  “Soil  Stabiliza- 
tion.” Are  there  any  questions  on  this?  It  is  rather  a 
live  topic  and  there  should  be  a great  deal  of  active  dis- 
cussion on  it. 

Mr.  Chairman,  under  this  topic  I would  like  to  ask  about 
gravel  base  courses,  and  to  what  extent  the  physical 
soil  tests  may  be  used  to  select  suitable  gravel  base  course 
material?  If  such  tests  are  used,  what  are  the  limits  recom 
mended  by  the  members  of  the  Conference?  In  these  tests 
I refer  primarily  to  liquid  limit  and  plasticity  index. 

Does  anyone  care  to  discuss  that?  Maybe  we  could  get 
Mr.  Stoddard  of  Iowa  to  discuss  it.  I understand  they 
have  done  considerable  work  on  gravel  bases  in  Iowa. 

I am  afraid  that  we  haven’t  very  much  information  on 
this.  I am  not  one  of  the  members  who  prepared  any  of 
the  papers  on  this  subject.  We  have  been  using  the 
Bureau’s  classification  on  our  soils  to  a certain  extent, 
and  also  making  tests  on  the  soils.  I believe  that  so 
far  as  the  binder  is  concerned  the  limitations  on  the 
liquid  limit  and  the  plasticity  index  are  covered  in  the 
specifications  which  were  recently  promulgated  by  the 
American  Association  of  State  Highway  Officials.  I be- 
lieve they  were  officially  adopted  this  year.  I don’t  re- 
member the  exact  limits  on  those.  I think  in  general 
the  liquid  limit  of  not  to  exceed  30  is  the  common  value. 
There  is  a recommendation  that  the  Bureau  has  been 
making  that  the  plasticity  index  be  from  zero  to  6,  on 
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which  I should  like  to  hear  some  discussion  as  to  what 
the  plasticity  index  of  zero  means  to  any  of  the  members 
of  the  organization.  To  me,  when  you  get  zero  it  doesn’t 
mean  anything.  To  me  the  range  between  zero  plasticity 
and  absolutely  cohesionless  material  would  seem  to  include 
a large  range  of  material  which  would  be  usable  but  still 
would  give  exactly  the  same  answTer  so  far  as  the  tests 
are  concerned. 

I am  afraid  I haven’t  any  very  definite  answer  to 
the  question  that  the  gentleman  has  asked,  but  I would 
like  to  ask  this  question  on  my  own  part. 

In  connection  with  a plasticity  index  of  zero,  in  our 
particular  part  of  the  country  nearly  all  the  base  ma- 
terials we  use  come  from  material  that  has  been  con- 
centrated in  washes.  We  usually  find  in  that  type  of  ma- 
terial that  the  P.I.  will  be  zero  as  determined  on  the 
minus  40.  That  type  of  material  is  readily  consolidated 
providing  the  grading  is  comparatively  uniform  from  the 
maximum  size  used  down  to  dust. 

Ordinarily  to  set  such  material  it  is  necessary  to  have 
somewhere  in  the  neighborhood  of  between  six  and  ten 
per  cent  minus  200,  even  though  the  plasticity  index  of 
the  material  may  be  zero.  The  setting  effect  of  the  silt 
combined  with  water  will  give  you  a substantial  enough 
grade  so  that  you  can  lay  over  the  top  of  it  and  also 
mix  on  top  of  it,  providing  you  keep  it  slightly  damp 
during  any  mixing  or  laying  operations. 

In  our  country  we  get  somewhat  better  results  when 
the  plasticity  index  is  somewhere  around  4.  Ordinarily 
we  pay  no  attention  to  the  liquid  limit,  because  in  our 
case  we  run  into  materials  that  are  very,  very  absorbent, 
particularly  in  what  we  call  cinders,  and  that  is  used 
very  successfully  as  a base,  as  is  caliche.  Ordinarily 
caliche  will  have  a liquid  limit  somewhere  in  the  neigh- 
borhood of  35,  and  cinders  of  about  50.  The  plasticity 
index  of  cinders  ordinarily  is  zero,  and  of  caliche  any- 
where from  6 to  as  high  as  7. 

I believe  Missouri  has  been  building  a good  mileage  of 
stabilized  base.  I wonder  whether  Mr.  Schappler  can 
give  us  any  information  in  regard  to  this  P.I.  of  zero, 
and  what  they  think  of  it. 

I think  the  discussion  about  the  P.I.  brings  out  one  thing, 
that  is  to  get  the  densest  gradation  you  can  manufacture 
is  the  main  thing.  That  is  the  essential  thing  you  are 
after.  P.I.  is  supplemental  to  that ; by  introducing  some 
cohesion  and  also  having  a little  clay  there  that  will 
better  seal  the  very  fine  pores  you  do  get  the  additional 
benefit  from  having  the  small  P.I. 

The  main  mistake  we  made  in  the  early  days  was  in 
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thinking  that  P.  I.  limits  could  be  used  up  to  as  high  as  18 
or  something  like  that,  but  as  bases  they  are  not  very 
successful.  We  all  subscribe  to  the  lower  limits  on  P.I., 
as  I mentioned  before. 

Have  you  had  any  sections  that  did  not  have  a high  P.I. 
that  definitely  failed? 

Yes.  They  averaged  around  12,  or  as  high  as  14  or 
15. 

Our  specifications  provide  for  a minimum  of  50%  retained 
on  a screen,  the  binder  minus  40.  Clay  gravels  have 
a P.I.  not  to  exceed  12  and  a liquid  limit  of  35.  The 
caliches  have  a P.I.  of  15  and  a liquid  limit  of  45.  We 
have  gone  back  over  practically  all  of  our  old  roads  and 
taken  samples  out  of  the  bases  and  classified  the  jobs 
as  to  whether  they  were  good,  doubtful,  or  failures  from 
the  base  standpoint,  and  upon  testing  the  caliches  we  have 
plotted  them  showing  per  cent  binder  against  P.I.  and 
per  cent  binder  against  liquid  limit,  and  we  find  those 
outside  limits  are  satisfactory. 

It  seems  to  me  that  since  the  soil  binder  materials  differ 
from  location  to  location,  and  since  the  aggregate  differs 
from  location  to  location,  and  then  since  the  weather 
conditions  (the  amount  of  rainfall,  the  climatic  condi- 
tions) change  from  location  to  location,  that  we  cannot 
make  a cut  and  dried  limit  for  the  plastic  index  which 
should  be  allowed.  If  limits  are  given,  I think  they  only 
indicate  that  at  different  places  between  those  limits  good 
results  have  been  obtained,  but  there  still  remains  the 
problem  for  every  state  and  for  every  kind  of  material, 
to  find  out  which  is  the  best.  The  limit  doesn’t  say  that 
with  a P.I.  smaller  than  4 you  always  have  to  get  good 
results.  With  certain  materials  a higher  P.I.  may  be  good ; 
with  other  materials  a lower  P.I.  may  be  good. 

I think  this  base  construction  business  is  a matter 
of  an  art.  It  cannot  be  a science  yet  because  we  cannot 
measure  scientifically  all  the  properties  of  those  materials. 
Therefore,  we  have  to  find  what  are  the  best  mixes  for 
our  definite  purposes  on  the  locations  where  we  have 
them. 

I would  like  to  ask  if  there  should  not  be  some  'relation 
been  the  liquid  limit  of  the  P.I.  and  the  percentage  of 
soil  binder  in  the  base  mat.  In  other  words,  the  gentle- 
man from  Texas,  speaking  of  50%  above  probably 

has  not  more  than  25%  passing  the  No.  10.  It  seems  to 
me  (and  it  has  been  our  experience  in  Alabama)  that 
where  the  soil  binder  percentage  is  very  low  the  L.L.  and 
P.I.  may  go  up,  but  where  it  is  large  it  must  be  kept 
low. 
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We  find  that  to  be  the  case  also.  If  the  soil  characteristics 
are  what  we  term  bad,  we  may  still  use  that  material 
as  a base  providing  the  percentage  of  soil  is  very  low. 
If  we  have  ten  or  fifteen  per  cent  minus  40  material, 
we  can  go  a little  higher. 

We  also  have  used  material,  particularly  caliche,  which 
is  entirely  all  that  would  go  through  the  We  realize 
that  there  are  cases  where  that  type  of  material  has  been 
used  successfully.  We  find  that  if  it  has  very  little  P.I. 
it  has  made  a good  road.  We  encounter  that  from  time 
to  time  and  use  that  under  certain  specifications.  Standard 
specifications  do  not  work,  but  when  we  find  it,  it  is 
to  our  advantage  to  use  it  with  a certain  set  of  specifica- 
tions to  cover  it. 

In  connection  with  the  low  P.I.,  I don’t  think  a P.I. 
of  1 or  2 means  much.  We  state  in  our  specifications  that 
if  a material  as  produced  within  those  maximum  limits 
does  not  set,  the  contractor  shall  furnish  sufficient  ap- 
proved binder  to  set  the  job  well.  I don’t  think  you  have 
any  guarantee  that  any  material  will  necessarily  set 
within  the  lower  limits  of  the  P.I.  We  have  had  a good 
deal  of  discussion  among  ourselves  with  respect  to  that, 
to  specify  a minimum  P.I.  for  material  which  is  not  to 
be  topped.  All  of  the  roads  I have  spoken  of  are  gen- 
erally topped  either  with  rock  asphalt,  which  is  highly  im- 
pervious, or  limestone  rock  asphalt,  or  a penetration  of 
asphalt  which  in  itself  it  very  impervious. 

It  is  becoming  late  so  we  will  bring  the  discussion  on  soils 
to  a close  and  start  on  ‘‘Bituminous  Mixtures.”  Is  there 
any  discussion  on  reserach  as  related  to  the  aggregates 
used  for  bituminous  mixtures? 

There  is  one  question  I would  like  to  ask,  and  that  is, 
what  is  the  definition  of  stripping? 

Do  you  feel  like  answering  that,  Dr.  Winterkorn? 

Well,  I think  you  have  me  on  the  spot  here  to  a certain 
extent.  I think  in  certain  locations  we  can  say  what  is 
stripping.  I remember  some  of  the  highway  meetings. 
But,  in  general,  I think  that  here  is  a need  for  a defini- 
tion. We  already  differentiate  between  different  degrees 
of  stripping.  In  the  wash  test,  according  to  Nicholson,  as 
used  in  the  Cooperative  project  of  the  Asphalt  Institute 
and  the  Bureau  of  Public  Roads,  differentiation  has  been 
made  between:  No  stripping,  less  than  25%,  and  more 
than  25%  stripping,  from  visual  inspection.  We  don’t 
know  what  this  “stripping”  means,  as  long  as  we  don’t 
know  all  the  physical  and  chemical  factors  involved. 

Mr.  Tremper,  in  his  paper,  says  that  very  often  when 
an  aggregate  was  “stripped,”  it  still  had  a very  thin  film 
of  something  which  was  still  absorbed.  The  main  mass 
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may  have  been  stripped  away,  but  there  still  was  some 
constituent  of  the  asphalt  which  was  still  adherent.  Since 
this  phenomenon  is  so  variable,  in  a way,  I think  we  need 
a definition  of  what  is  stripping,  and  I hope  some  com- 
mittee will  make  it. 

I have  said  something,  although  I did  not  answer  your 
question.  There  is  a definite  need  for  doing  it,  but  1 
don’t  know  whether  it  would  be  worth  while  for  me 
alone  to  make  a definition  without  having  it  go  further 
through  the  fire  of  discussion  with  some  other  people 
who  have  done  important  work  in  this  field.  Mine  is 
only  one  man’s  opinion,  but  if  certain  representatives 
of  this  adhesiveness  business  get  together  and  have  a nice 
heated  argument,  maybe  we  will  get  the  slags  out  of 
the  ore  and  have  the  metal  left. 

I had  a very  definite  reason  for  asking  that  question,  and 
I will  explain  now  some  of  the  reasons  for  asking  the 
question.  We  have  done  some  work  on  stripping  and  we 
are  not  satisfied  that  it  means  anything.  We  find  in  the 
materials  that  are  found  in  our  state  that  you  do  not 
get  a definite  stripping  of  the  asphalt  in  that  there  is  a 
true  separation  of  the  asphalt  from  the  stone.  What  seems 
to  happen  is  that  you  get  bare  places  on  the  aggregate 
and  an  accumulation  or  thickening  of  the  bituminous 
film  on  other  areas,  and  it  will  not  strictly  strip  from 
the  aggregate  as  you  would  imply  from  the  ordinary 
definition  of  such  a word. 

We  have  observed  the  same  thing,  and  I think  Mr. 
Tremper  has  observed  it  also.  What  we  have  to  do  now 
is  to  study  the  effect  which  it  has  on  the  service  be- 
havior of  a pavement.  If  some  materials  strip  entirely 
clean,  and  some  others  exhibit  contraction  to  droplets,  and 
still  others  show  bitumen  concentration  on  corners  and 
points  of  greater  adsorption  capacity.  The  question  can 
only  be  answered  by  practical  correlation.  In  order  that 
we  can  us  laboratory  test  results  for  specification  pur- 
poses we  do  have  to  correlate  them  with  actual  field 
behavior  of  pavements  constructed  with  the  materials 
tested. 

I am  sure  that  for  some  locations  and  for  some 
climates  materials  where  the  bitumen  coagulates  in  drops 
but  still  sticks  to  parts  of  the  aggregate  will  be  perfectly 
all  right.  Even  in  severe  climates,  as  in  northern  Europe, 
where  they  have  a lot  of  rainfall  and  quite  a range  of 
temperature,  if  you  make  your  system  dense  enough,  put 
enough  filler  in  it,  your  stripping  may  not  be  so  bad 
or  it  may  not  have  any  practical  effect. 

This  whole  stripping  business  is  a matter  on  one  side 
of  the  chemistry  of  the  interface  between  asphalt  and 
minerals.  On  the  other  it  is  a matter  of  proper  design. 
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Personally,  I think  yon  can  use  almost  any  bituminous 
material  if  you  design  the  pavement  properly  for  the 
aggregate  and  vice  versa.  Here  again,  a point  arises  in 
connection  with  Mr.  Law’s  paper,  where  he  said  we  should 
develop  definite  types  of  asphalt  according  to  the 
raw  materials  available.  That  is,  we  should  make  “quality” 
asphaltic  products  according  to  the  crudes  from  which 
we  make  them.  Now,  take  our  construction  problems;  while 
they  are  connected,  in  general,  with  a great  number  of 
phenomena,  they  usually  present  typical  problems  for 
a certain  location  or  for  a certain  district  or  for  a 
certain  state.  These  we  have  to  solve  for  themselves  as 
specific  cases ; and  that  is  really  what  an  engineer  is 
here  for,  because  if  we  could  make  cut  and  dried  methods 
anybody  could  use  them.  Engineering  implies  a lot  of 
experience,  in  order  that  we  can  coordinate  measurable 
things  with  the  immeasurable  experiences  we  have  ac- 
quired in  connection  with  the  materials. 

Mr.  Wales  mentioned  an  absorption  test  and  certain  limits 
placed  on  it  for  controlling  aggregates,  or  rather  for 
controlling  the  amount  of  bitumen  added  to  aggregates. 
I wonder  if  Mr.  Wales  will  tell  us  just  how  they  operate 
this  test  and  what  its  utility  has  been. 

The  absorption  test,  as  we  make  it  in  our  laboratory, 
may  be  simple  to  many  of  you  but  it  has  given  us 
a great  deal  of  trouble.  The  coarser  particles  present 
no  difficulty  when  we  determine  the  absorption  value, 
but  when  we  go  to  the  minus  4 particles  we  have  dif- 
ficulty. 

We  put  the  heat-dried  fine  material  in  a flask,  fill 
the  flask  with  water,  agitate  very  rapidly,  and  then  allow 
it  to  settle  for  24  hours.  We  then  determine  the  amount 
of  water  required  to  refill  the  flask  to  the  original  mark. 
We  realize  there  is  some  error  in  this  test,  of  course, 
as  the  period  of  manipulation  causes  an  error  that  can 
hardly  be  measured. 

We  have  not  done  a great  deal  of  work  on  the  ab- 
sorption of  aggregates  and  its  effect  on  our  finished  jobs. 
Most  of  our  materials  have  a total  absorption,  that  is  of 
the  coarse  and  fine,  of  approximately  1.5  to  2.5  per  cent. 
Most  of  the  time  these  materials  (I  am  referring  now  to 
road  mixes  with  cut-backs)  are  shot  when  they  contain 
at  least  the  full  absorbed  moisture,  and  absorption  doesn’t 
seem  to  affect  us  a great  deal,  but  during  hot  weather 
when  we  have  used  aggregates  that  have  a total  ab- 
sorption of  about  3.5  to  4.0  per  cent  there  has  been  a 
noticeable  drying  up  of  our  mixes  under  blading  opera- 
tions, and  we  have  in  some  cases  added  a little  additional 
asphaltic  material  so  that  the  mix  would  look  right.  We 
did  not  try  to  determine  this  amount  by  any  test  or 
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formula.  We  merely  added  a sufficient  amount  of  asphalt 
to  make  the  mix  workable.  Such  mixes  on  one  or  two 
small  jobs  have  been  very  satisfactory — among  our  most 
satisfactory  jobs. 

We  have  found  that  the  water  absorption  is  liable  to 
be  a false  indicator  of  the  tendency  to  absorb  asphalt. 
I have  one  actual  job  in  mind.  The  water  absorption 
test  reported  to  us  (we  didn’t  happen  to  run  it)  was 
2%.  The  job  failed,  in  fact,  and  had  to  be  reworked,  and 
we  changed  the  test  to  the  use  of  kerosene  as  a more 
likely  indicator  of  what  the  asphalt  absorption  would 
be.  We  checked  it  with  asphalt  under  heat  and  found 
it  came  out  the  same  (I  think  the  kerosene  was  15  and 
the  asphalt  was  13)  by  prolonged  heating  of  the  asphalt, 
and  we  have  since  gone  to  the  use  of  kerosene  instead 
of  water  to  make  that  test,  as  a safer  measure  of  ab- 
sorption in  certain  materials  where  the  water  does  not 
seem  to  absorb  due  to  the  surface  nature  of  the  mineral, 
but  the  kerosene  does  indicate  the  asphalt  absorption. 

In  connection  with  types  and  quantities  of  bituminous 
materials  and  bituminous  mixtures,  is  there  anything  in 
connection  with  primes?  I would  like  to  ask  Mr.  Krchma 
what  he  considers  the  advantage  to  be,  if  any,  of  positive 
spot  materials  over  negative  spot  materials  as  primes. 

Of  course  there  are  a variety  of  positive  spot  materials. 
Probably  they  vary  a great  deal  more  than  negative 
spot  materials,  but  there  seems  to  be  some  rational  rea- 
son for  deciding  that  typical  positive  spot  primes  are 
more  suitable  and  give  you  better  results  than  negative 
spot  primes.  The  primary  reason  is  that  positive  spot 
materials  exhibit  better  adhesion  to  soil  particles,  ad- 
hesion which  is  not  lost  in  the  presence  of  moisture. 

The  prime  primarily  is  supposed  to  eliminate  mois* 
ture  from  the  mat,  and  consequently  if  you  had  a posi- 
tive spot  material  which  could  not  be  displaced  as  readily 
as  a negative  spot  material  by  water,  as  exhibited  by 
work  by  Winterkorn  and  Kelly  and  Tremper,  you  could 
tell  that  the  material  was  a better  prime. 

There  are  other  reasons.  You  take  a typical  positive 
spot  material;  it  is  not  as  permeable  to  moisture.  You 
take  a film  of  positive  spot  asphalt  (and  there  are  some 
data  to  verify  this,  although  not  published)  and  it  will 
be  less  permeable  to  moisture  than  a typical  negative 
spot  material.  Of  course,  positive  spot  prime  has  the 
added  property  of  penetrating  better,  giving  you  a 
better  dispersion  in  the  primed  surface  than  you  would 
have  with  a negative  spot  material,  primarily  because 
the  positive  spot  material  is  more  active.  You  get  a 
more  impermeable  prime. 
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Is  there  any  further  discussion  on  that  point? 

In  connection  with  the  statement  you  made  concerning 
positive  spot  prime,  do  you  find  any  difference  between 
those  that  have  possibly  a xylene  equivalent  of  30% 
and  those  that  might  have  a xylene  equivalent  of  70% 
or  even  higher? 

I am  afraid  that  I can’t  answer  that  question.  There  is 
no  information  available,  at  least  published,  indicat- 
ing that  one  is  any  better  than  the  other.  I don’t  know 
the  relation  between  xylene  equivalent  and  resistance  to 
moisture.  There  is  this  to  be  said:  I believe  this  was 
brought  up  by  Mr.  Grant,  that  you  could  get  positive 
spot  asphalts  with  a good  deal  of  wax  which  did  not 
exhibit  any  better  adhesion  and  resistance  to  moisture 
than  a typical  negative  spot  material.  That  would  be 
interesting  research  wmrk  to  be  carried  out  by  interested 
parties. 

Is  there  anyone  who  prefers  the  negative  spot  material 
for  primers  for  ai^  particular  reason? 

I would  like  to  state  that  the  negative  and  positive  spot 
are  merely  classifications.  A positive  spot  material  is 
simply  a different  type,  a different  action  material,  and 
there  may  be  a world  of  difference  between  the  different 
spot  materials.  I think  Mr.  Krchma ’s  remarks  have  always 
to  be  qualified  with  that  thought,  that  negative  spot  ma- 
terials are  one  type  of  asphalt.  There  are  good  and  there 
the  poor  negative  spot  materials,  and  the  same  is  true 
of  positive  spot,  and  we  can’t  just  say  that  all  materials 
of  either  type  are  good  or  bad.  It  is  merely  a classifica- 
tion and  not  a quality  test. 

I would  like  to  supplement  Mr.  Nevitt ’s  remarks  by  say- 
ing that  you  can  find  materials  (there  is  a recent  paper 
being  published  by  the  Bureau  of  Mines)  which  are  typical 
negative  spot  materials  by  the  Oliensis  test  but  have  been 
cracked.  Reducing  the  materials  to  asphalt,  investigators 
are  able  to  observe  cracking  which  isn’t  noticed  by  the 
Oliensis  test.  It  is  difficult  to  classify  materials,  conse- 
quently, as  cracked  and  uncracked  materials  on  the 
basis  of  the  Oliensis  test.  It  would  seem  also,  talking 
about  positive  and  negative  spot  materials  (and  this  is 
not  an  original  thought  on  my  part),  that  it  is  not  ra- 
tional to  have  the  same  specifications  for  the  typical 
positive  test  material  that  you  have  for  a typical  nega- 
tive spot,  straight  run  material.  The  two  asphalts  are 
absolutely  different,  and  it  doesn’t  seem  right  that  you 
should  have  the  same  specifications  for  both  materials. 

To  get  the  best  negative  spot  material  you  should 
have  a typical  straight  run  negative  spot  classification, 
possibly  differing  with  the  crude.  For  a good  positive  spot 
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material,  although  we  can’t  describe  the  proper  specifica- 
tion, there  should  be  a specification  which  would  give 
you  a characteristic  positive  spot  material,  and  consequent- 
ly insure  you  a better  material.  Trying  to  supply  both 
straight  run  and  cracked  material  on  the  same  specifica- 
tion doesn’t  seem  quite  right. 

Is  there  any  discussion  of  the  ‘‘Types  and  Quantities  of 
Bituminous  Materials  for  Bituminous  Mats”? 

I would  like  to  ask  if  there  is  any  progress  being 
shown  on  developing  a formula  for  design  of  bituminous 
mats,  with  respect  to  how  much  liquid  material  to  use. 

I would  also  like  to  ask  another  question,  as  to  how 
different  states  handle  the  competition  between  different 
types  of  bituminous  materials  in  liquid  form,  such  as 
emulsions,  cut-backs,  and  tars,  if  they  have  all  three  in  j 
competition. 

Although  this  was  briefly  covered  by  my  paper,  I think 
this  is  a question  for  the  floor  to  answer.  I don’t  think 

we  are  in  a position  up  here  to  decide.  There  is  a general 

trend  (and  probably  justified)  toward  the  deciding  of  the 
proper  proportion  of  bituminous  materials  in  the  labora- 
tory. This  may  be  going  too  far.  I would  think  they 
could  easily  and  profitably  supplement  their  laboratory  ; 
bitumen  content  with  a formula  which  would  take  care  i 
of  the  variations  they  find  in  the  field.  This  would  be  ! 

particularly  valuable  for  road  mix  jobs.  It  is  not  safe  i 

to  just  determine  the  bitumen  content  on  the  basis  of  ! 
one  laboratory  experiment,  and  it  costs  too  much  to  keep 
up  with  the  slight  variations.  This  might  be  possible. 

The  question  still  isn’t  answered.  I think  the  mem- 
bers on  the  floor  should  be  in  a far  better  position  to 
ask  that  question.  The  subject  has  been  well  summarized 
by  Hubbard  in  the  recent  asphalt  paving  technologies, 
where  he  has  found  that  proportioning  of  hot  mix  as- 
phalt, cannot  be  done  on  the  same  basis  as  you  propor- 
tion a low  cost  road  liquid  asphalt  mixture.  The  low 
cost  type  bituminous  mixes  use  formulas  of  which  the 
New  Mexico  formula  or  the  formula  developed  by  Mr. 
Nevitt  are  quite  typical ; then,  on  the  other  hand,  you 
have  the  hot  mix,  which  depends  on  voidage.  But  finally, 
of  course,  comes  the  experience  of  the  engineer.  Hub- 
bard has  suggested  the  possibility  of  using  the  sizes 
of  pores  as  a proper  method  of  deciding  proportion  of 
bitumens,  but  he  hasn’t  developed  that  phase  as  yet.  He 
has  just  mentioned  it  as  an  excellent  possibility  of  a 
method  of  attack. 

Does  anyone  car  to  discuss  that  further? 

We  will  pass  on,  then  to  “Adhesion  Between  Bitumen 
and  Aggregates.” 
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A very  good  question  there  would  be  which  one 
of  the  three  tests,  the  water-asphalt  preferential,  the 
swell  test,  or  the  wash  test  is  the  best  test  of  adhesive- 
ness in  the  experience  of  the  various  states  that  are 

represented? 

If  there  is  no  discussion,  we  will  pass  on  to  “Bitumi- 
nous Materials  and  Their  Service  Behavior.”  Has  any- 
one had  any  experience  with  the  weatherometer — any 
successful  experience?  Mr.  Law,  in  his  paper,  reported 
that  he  had  tried  this  test  and  found  he  couldn’t  get 

any  characteristic  breakdown. 

I don ’t  see  how  the  weatherometer  can  be  considered 
to  indicate  the  life  of  roads.  Just  to  go  to  some  roofing 
experience  which  indicates  that  some  of  our  oldest  and 
best  known  asphalts  for  road  construction  the  world 
over  are  relatively  poor  asphalts  for  certain  roofing  pur- 
poses compared  to  others,  it  would  indicate  to  me  that 
failure  by  light  is  not  the  failure  that  we  have  in  the 
road,  even  though  failure  by  light  may  be  the  failure 
that  occurs  in  particular  types  of  weathering  on  roof- 
ing. Therefore,  I have  felt  since  the  time  I have  been 

familiar  with  that  work,  that  the  weatherometer,  or 
any  light  failure  test,  will  not  be  indicative  of  road 

failures. 

I think  the  highway  industry  should  either  take 
the  same  position,  or  should  correlate  the  weatherometer 
test  with  practice  and  come  to  some  conclusions,  because 
we  often  see  the  comparison  made,  but  on  the  data 
that  I have  heard  of  and  seen  I just  don’t  see  how  a 
weatherometer  test  would  indicate  the  life  of  the  ma- 
terial in  road  use,  which  is  quite  different  from  other 
uses. 

The  data  published  by  Benson  last  year  on  the  coagula- 
tion of  films  showed  that  he  can  get  the  coagulation  on 
these  films  without  the  presence  of  light.  It  seems  to 
indicate  that  that  failure,  if  it  is  any  indication,  indicates 
that  light  is  not  necessary  for  failure  of  asphalt.  The 
mechanism  of  failure  of  a highway  is  entirely  different, 
I am  sure,  from  the  failure  of  a roofing.  Probably  Mr. 
Grant  might  have  more  to  say  about  that. 

I would  like  to  say  a little  bit  on  that.  I agree  with 
Mr.  Nevitt  over  here  entirely,  that  it  is  probable  that 
a road  does  not  go  to  pieces  through  exposure  to  ultra- 
violet light.  There  is  such  a small  portion  of  the  asphalt 
exposed  and  such  a small  portion  of  the  surface  is  as- 
phalt that  the  effect  of  ultraviolet  light  appears  to  be 
insignificant.  It  is  entirely  different  from  what  you 
have  in  roofing  materials  where  almost  the  entire  weather- 
ing surface  is  asphalt.  Here  the  weatherometer  is  of 
great  value  in  predicting  the  probable  life  of  straight 
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asphalt.  But  even  here  I understand  there  is  some  ques- 
tion as  to  its  value  when  fillers  are  considered. 

In  closing  I would  like  to  say  that  I endorse  Mr. 
Nevitt’s  statement  on  highway  work.  There  are  other 
reactions  such  as  oxidation,  heat,  etc.,  that  play  a much 
greater  part  in  the  destruction  or  deterioration  of  the 
bitumens  in  the  road  surface. 
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In  connection  with  the  statement  the  gentleman  just 
made  a moment  ago,  that  there  is  a comparatively  small 
amount  of  the  surface  that  is  exposed,  is  it  definitely 
known  that  there  are  no  convection  currents  in  an  as- 
phalt pavement? 

In  that  respect  it  is  believed  by  some  at  least  that  ultra- 
violet may  affect  if  not  actually  penetrate  the  asphalt 

pavement.  We  know  that  ultraviolet  does  affect  the 
character  of  the  asphalt.  The  reason  it  is  believed  that 
ultraviolet  can  penetrate  to  such  an  extent  that  might 
be  progressively  damaging  to  a pavement  is  that  ultra- 
violet can  penetrate  quartz.  The  greatest  portion  of  an 
asphalt  pavement  is  quartz,  and  penetration  by  ultra- 

violet is  therefore  possible  and  may  cause  loosening 
of  surface  particles  due  to  the  deterioration  of  the  as- 
phalt underneath  the  quartz  particles. 

In  the  asphalt  pavement  the  surface  is  essentially 

a film  of  asphalt.  But  beneath  that  thin  film  which  may 
become  worn  off  by  traffic  is  a grain  of  quartz,  and 

beneath  that  grain  of  quartz  is  another  layer  of  as- 
phalt, and  so  on  through  the  whole  structure.  By  that 
I do  not  mean  that  ultraviolet  alone  could  destroy  the 
pavement,  or  that  it  does  destroy  the  pavement ; never- 
theless, if,  through  ultraviolet  as  an  agency,  the  asphalt 
in  the  surface  of  a mix  is  hardened  to  any  great  extent 
the  stresses  set  up  under  the  load  may  tend  to  cause 
such  surfaces  to  show  progressive  cracking,  abrasion,  or 
deterioration  from  the  surface  downward. 

It  is  rather  unfortunate  that  Mr.  Zapata  is  not  with  us. 
Tf  I remember,  he  exposed  films  of  asphalt  to  ultraviolet 
and  found  he  had  to  have  his  films  unusually  thin, 
otherwise  he  didn’t  get  a uniform  transition.  It  seems 
the  asphalt  films  on  the  quartz  particles  would  be  suf 
ficient  to  filter  out  any  ultraviolet  before  it  got  down 
very  far. 

Of  course,  in  the  work  Benson  did  on  coagulated 
films  it  didn’t  seem  that  you  had  to  have  ultraviolet 
light  to  coagulate  the  films.  I am  not  inferring  that  this 
coagulation  of  film  is  a true  mechanism  of  the  failure 
of  the  asphalt,  but  it  does  seem  to  indicate  that  ultra- 
violet is  not  necessary  for  that  phenomenon.  It  is  diffi- 
cult for  me  to  believe  that  ultraviolet  and  actinic  light 
would  play  too  large  a part  in  the  failure  of  a road. 
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The  asphalt  films  are  too  thick  to  permit  it  to  penetrate 
very  far. 

During  the  last  two  years  we  have  been  conducting  an 
investigation  with  26  asphalts  of  85-100  penetration  and 
approximately  20  asphalts  of  50-60  penetration  in  which 
we  mixed  the  asphalts  with  Ottawa  sand  in  such  propor- 
tions as  to  give  us  a film  thickness  comparable  with 
that  of  a sheet  asphalt  mixture.  We  agitated  the  mix- 
tures in  a mixer  at  a temperature  of  approximately 
180  degrees  F.  We  weathered  these  mixtures  under  the 
ultraviolet  light  and  also  without  the  ultraviolet  light. 
Following  the  weathering  of  these  mixtures  for  varying 
lengths  of  exposure  from  22  hours  up  to  166  hours,  we 
made  specimens  and  tested  them  for  tension,  elongation, 
impact  and  abrasion,  and  found  that  where  we  had  used 
the  ultraviolet  light  we  obtained  a greater  change  in 
the  asphalt  than  where  we  had  not  used  the  ultraviolet 
light.  We  also  found  very  drastic  differences  among  the 
various  asphalts.  We  found  that  the  relative  positions 

of  these  asphalts  after  test  were  substantially  the  same, 
whether  we  used  ultraviolet  light  or  whether  we  did 
not,  but  we  did  find  more  change  in  the  asphalts  where 
we  used  the  ultraviolet  light. 

Nobody  doubts  the  fact  that  ultraviolet  contributes  to 
the  failure  of  the  asphalt.  The  question  is,  is  it  important 
in  the  mechanism  we  are  building  for  the  failure  of 
bitumens  in  the  road?  Does  it  contribute  to  the  failure 
of  the  road?  If  the  ultraviolet  light  could  reach  the 

whole  road  there  is  no  doubt  that  it  would  rapidly  in- 
crease the  failure  of  the  whole  road,  but  we  doubt  if 

it  can.  It  is  well  proven  that  ultraviolet  light  does  cause 
asphalt  to  fail,  but  does  that  come  in  here  in  this 

particular  instance? 

Practical  experience  ought  to  have  something  to  do  with 
this.  The  ultraviolet  on  the  high  mountain  passes  is  far 
greater  than  the  ultraviolet  light  on  ordinary  altitudes. 
If  so,  all  our  high  mountain  roads  in  Colorado,  Wyoming 
and  California  should  fail  more  rapidly  than  they  do 
on  the  level.  I have  seen  a lot  of  mountain  roads  and  I 
has  seen  no  signs  of  that.  I would  judge  this  greatly 
increased  amount  of  ultraviolet  action  to  be  found  in 
high  altitudes  is  not  a factor  in  road  failures. 

Would  anyone  care  to  add  anything  further  to  this  in- 
teresting discussion? 

Since  both  the  Oliensis  test  and  the  Benson  test  have 
been  mentioned  it  might  be  good  to  say  something  about 
them.  It  seems  logical  that  an  asphalt  which  tends  to 
change  its  colloidal  system  (that  means,  which  coagulates 
or  acquires  a different  structure  while  in  service),  might 
lead  into  trouble  in  practical  construction ; therefore, 
the  tendency  to  heterogeneity  should  be  important.  It  is 
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very  important  liow  this  tendency  is  to  be  measured.  If 
we  use  the  Oliensis  test,  which  is  very  valuable  for  its 
purpose,  then  we  add  some  material  to  the  asphalt.  This 
material  which  we  add  may  change  the  conditions  in  the 
bituminous  materials.  We  may  induce  a tendency  to  hetero- 
geneity in  certain  types  of  bitumen.  Therefore,  if  we 
want  to  know  more  about  the  practical  side,  some  other 
tests  which  do  not  involve  the  addition  of  a foreign 
substance  should  be  better,  and  this  seems  to  be  the 
case. 

I think  the  Benson  test  can  be  much  better  corre- 
lated with  practice  than  the  Oliensis  test.  We  had  some 
bituminous  materials  which  we  studied  rather  extensive- 
ly because  we  wanted  to  use  them  for  our  bitumen 
soil  stabilization  investigation,  and  these  bituminous  ma- 
terials contained  a number  wdiich  showed  postitive  spots. 
On  the  other  hand,  we  submitted  these  materials  to  Mr. 
Benson,  who  was  kind  enough  to  test  them,  and  he  found 
that,  maybe  of  4 positive  spot  materials,  one  was  definitely 
bad  under  his  test,  another  was  intermediate,  and  2 
positive  materials  did  not  show  heretogeneity  or  did  not 
develop  heterogeneity  under  his  test,  so  it  seems  to  me 
that  the  Benson  test  might  be  a better  indicator  than 
the  other  test,  or  that  the  bituminous  system  • of  certain 
positive  spot  materials,  according  to  the  Oliensis  test, 
might  in  usage  be  just  as  stable  as  the  bituminous  system 
of  a negative  spot  material. 

Of  course  there  is  as  great  a difference  between 
different  types  of  positive,  as  there  is  between  different 
types  of  negative  materials ; therefore,  it  is  necessary  if 
when  we  call  a material  heterogeneous,  or  inclined  to 
heterogeneity,  to  state  by  what  test  it  is  measured.  Per- 
sonally, I think  that  some  light  came  from  Kansas.  I 
think  Mr.  Benson’s  test  has  great  promise. 

Thank  you,  Dr.  Winterkorn.  Is  there  any  further  discus- 
sion on  bituminous  materials?  Is  there  any  discussion  on 
“ Research  as  Applied  to  Maintenance,”  which  is  a pretty 
tough  topic? 

As  I recall  the  discussion  before  the  recess,  one  of  the 
topics  in  the  paper  on  research  as  applied  to  maintenance 
problems  was  a discussion  of  patching  mixtures,  and  I 
think  if  anyone  could  add  anything  constructive  to  that 
topic  it  would  be  worth  while.  I don’t  have  anything 
to  offer,  myself. 

We  don’t  want  to  get  too  deeply  into  the  subject  matter 
of  the  Maintenance  Committee,  but  someone  may  have 
some  interesting  investigation  of  patching  mixtures  to 
report. 

If  there  is  no  further  discussion,  gentlemen,  I would 
like  to  thank  you  for  your  kind  cooperation  this  after- 
noon. 
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Progress  in  Research  as  to  Applied  Aggregates  for 
Bituminous  Surfaces 

By 


E.  L.  WALES 

Testing  and  Materials  Engineer 
Arkansas  State  Highway  Commission 

The  Arkansas  Highway  Department  has 
not  carried  on  a definite  research  pro- 
gram, but  we  have  given  close  attention 
to  results  obtained  on  construction  projects, 
and  the  information  given  in  this  paper 
is  from  the  observation  and  investigation 
of  specific  projects  during  the  past  eight 
years.  This  discussion  of  aggregates  will 
be  limited  to  those  used  in  cold  laid  mixes. 

Our  construction  has  included  both 
open-graded  and  dense-graded  types,  with 
the  type  specified  for  each  project  being 
governed  by  available  materials.  The  bitu- 
minous materials  used  in  the  open-graded 
mixes  have  been  rapid  curing  cutbacks 
and  emulsions,  while  those  used  in  the 
dense-graded  mixes  have  been  rapid  curing 
and  medium  curing  cutbacks,  slow  curing 
products,  and  emulsions. 

The  aggregates  used  in  the  open-graded  surfaces  have  been  crushed 
stone  and  crushed  gravel  with  crushed  stone  predominating.  Uncrushed 
gravel  has  been  used  in  a few  small  projects  for  base  courses  only.  The 
aggregates  used  in  the  dense-graded  surfaces  and  bases  have  been  bank 
gravel  and  river  gravel  with  the  bank  gravel  predominating.  We  have 
a job  under  construction  at  the  present  time  in  which  crusher-run  stone 
blended  with  fine  sand  and  silt  is  being  used,  also  a job  in  which  sand 
of  a gradation  similar  to  concrete  sand  is  being  used. 

As  the  aggregates  used  in  the  open-graded  mixes  generally  have  to  be 
prepared,  the  gradations  of  these  aggregates  have  been  approximately 
the  same.  Below  is  shown  the  bracket  within  which  the  typical  grada- 
tion occurs. 

Square  Openings 

1"  %"  %"  No.  8 

Total  per  cent  retained  0 32-42  80-85  97-99 

Results  with  this  type  of  aggregate  have  been  satisfactory,  and  there 
is  not  enough  difference  in  gradation  or  results  for  comment. 

Unlike  the  open-graded  aggregates  there  has  been  a wide  range  in 
the  gradation  of  aggregates  used  in  dense-graded  surfaces.  The  reason  for 
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this  is  that  local  deposits  have  been  utilized  with  as  little  plant  manipula- 
tion as  possible.  Below  are  given  the  gradations  of  aggregates  used  on 
three  jobs  which  represent  the  range  of  materials  that  have  been  used. 


Total  per  cent  retained  (1) 
Total  per  cent  retained  (2) 
Total  per  cent  retained  (3) 


74 


Square  Openings 
1"  No.  4 No.  10  No.  200 

0 31  42  86 

44  60  92 

57  72  94 


Mixtures  in  which  aggregates  represented  by  gradations  1 and  2 were 
used  give  a very  tight,  dense  surface,  while  mixtures  in  which  aggre- ! 
gates  represented  by  gradation  3 were  used  give  a very  open  textured  I 
surface.  There  is  a difference  of  opinion  among  engineers  in  this  State  j 
as  to  which  type  is  more  satisfactory.  Some  prefer  the  coarser  graded  i 
materials,  while  others  prefer  the  finer  graded  materials.  The  writer  prefers 
the  intermediate  type  represented  by  gradation  2.  There  has  been  very 
little  difference  in  the  performance  of  surfaces  built  with  aggregates  of 
the  various  gradations.  This  is  probably  due  to  the  fact  that  all  surfaces 
are  given  a cover  coat  of  sand,  stone  chips,  or  pea  gravel.  If  the  surfaces 
were  left  unsealed,  there  is  little  doubt  that  the  finer  graded  aggregates, 
which  give  a tight  surface,  would  prove  more  satisfactory. 


The  stone  used  in  bituminous  surfaces  has  been  limestone,  sandstone,  j 
and  syenite.  The  gravel  that  has  been  used  is  composed  of  sandstone,  * 
quartz,  flint  and  chert.  As  stated  before,  crushed  stone  and  crushed  gravel 
have  been  used  in  open-graded  surfaces,  and  gravel  only  has  been  used 
in  dense-graded  surfaces,  with  the  exception  of  the  two  jobs  now  under 
construction  mentioned  before.  We  have  been  unable  to  observe  any  ap-  j 
preciable  difference  in  the  performance  of  open-graded  surfaces  built  j 
with  the  various  types  of  stone  as  all  have  been  reasonably  satisfactory,  ;j 
We  have,  however,  observed  some  difference  in  results  when  gravel  was  I 
used  in  both  the  open-graded  and  the  dense-graded  types.  Some  of  our 
best  open-graded  surfaces  have  been  those  in  which  crushed  gravel  was  i 
used,  while  others  built  with  gravel  of  apparently  similar  composition  j 
have  developed  failures  within  a short  time,  but  these  failures  in  all 
instances  could  not  have  been  caused  entirely  by  the  aggregate  used. 

Our  most  unsatisfactory  open-graded  job,  to  which  failure  could  be  j 
attributed  directly  to  the  surface  course,  was  one  built  in  the  Northern  j 
part  of  the  State  last  fall.  The  aggregate  used  was  a chert  gravel  very  I 
angular  in  form  with  a very  smooth  surface  texture  almost  glassy  in  i 
appearance.  In  production  approximately  50  per  cent  of  the  gravel  was  ! 
crushed.  Failures  developed  within  two  weeks  after  the  surface  was  opened 
to  traffic.  Most  of  the  engineers  connected  with  the  construction  of  this  ; 
job  and  others  who  have  observed  it  are  of  the  opinion  that  the  failures 
were  due  to  the  mineral  composition  and  the  smooth  surface  of  the  gravel.  ! 
Tests  made  in  the  laboratory  indicate  that  this  gravel  possesses  hydro-  ; 
phyllic  qualities. 

We  have  no  evidence  that  failures  in  dense-graded  surfaces  may  | 
be  attributed  to  the  mineral  composition  of  the  gravel. 

The  hardness  of  aggregates  used  in  open-graded  surfaces  is  considered  ; 
important  because  they  must  withstand  the  compression  of  the  roller,  : 
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and  proper  keying  action  must  be  obtained,  while  the  hardness  of  aggre- 
gates used  in  dense-graded  surfaces  is  not  considered  important  as  stability 
is  obtained  by  density,  and  a cover  coat  is  used  to  withstand  the  abrasive 
action  of  traffic.  All  stone  used  in  open-graded  surfaces  has  shown  a 
per  cent  of  wear  of  less  than  6,  and  all  gravel  used  has  shown  a per  cent 
of  wear  of  less  than  15.  The  per  cent  of  wear  of  gravel  used  in  dense- 
graded  surfaces  has  ranged  from  5 to  35.  When  soft  gravel  is  used,  a con- 
siderable portion  of  the  particles  on  the  surface  break  up  under  the  roller, 
however,  after  the  surfaces  are  sealed  we  have  not  observed  any  appreciable 
difference  in  the  serviceability  of  surfaces  constructed  with  hard  or  soft 
gravel. 

As  stated  before,  the  aggregates  used  in  open-graded  surfaces  have 
been  limited  to  crushed  stone  and  crushed  gravel  (a  minimum  of  50% 
of  the  particles  on  each  size  screen  are  required  to  be  crushed.)  Our 
reasons  for  this  requirement  are  that  the  angular  particles  are  necessary  for 
proper  stability,  and  we  think  that  the  bituminous  material  will  adhere 
better  to  a fractured  surface — the  latter  is  questionable  with  some  types 
of  material.  We  have  not  included  a crushing  requirement  in  our  specifica- 
tions for  dense-graded  aggregates,  and  very  little  crushed  material  has 
been  used  in  this  type  of  work. 

In  the  past  we  have  required  aggregates  used  in  the  cover  material 
for  seal  coat  to  be  stone  chips  or  crushed  gravel.  During  the  past  two 
years  we  have  used  uncrushed  pea  gravel  for  this  type  of  work  and  have 
found  it  to  be  equal  to  and,  in  many  cases,  superior  to  crushed  aggregates. 

We  built  in  1935  a short  job  using  an  open-graded  gravel  base  with 
on  open-graded  stone  surface.  The  bituminous  material  used  in  both  the 
base  and  surface  was  an  RC-3  type  cutback.  The  gravel  used  in  the  base 
was  smooth,  round  river  gravel  containing  no  crushed  particles  and  graded 
from  a 1 sieve  to  a No.  4 sieve.  To  date  this  job  has  required  very 
little  maintenance. 

We  have  given  very  little  study  to  the  absorption  of  aggregates  and 
their  effect  upon  bituminous  mixtures.  Most  of  the  aggregates  used  have 
an  absorption  range  of  from  1%  to  214  per  cent.  In  a few  cases  in  which 
the  absorption  of  the  aggregate  was  rather  high,  approximately  3% 
per  cent,  we  observed  a noticeable  drying  up  of  the  mix.  The  percentage 
of  moisture  permitted  by  the  specifications  at  the  time  of  mixing  and  at 
the  time  of  spreading  and  rolling  is  based  upon  free  moisture.  This  per- 
mits mixing,  and  spreading  and  rolling  when  the  total  moisture  content 
is  less  than  the  absorption  of  the  aggregate  plus  the  allowable  free  water. 

The  fillers  used  in  our  dense-graded  surfaces  have  been  clay  and 
silt  from  sources  near  the  gravel  deposits  and  the  fines  present  in  the 
gravel  in  its  natural  state.  These  fillers  have  ranged  from  friable  silt 
to  plastic  clays  with  a plasticity  index  as  high  as  25.  The  percentages 
of  material  passing  the  200  mesh  sieve  have  ranged  from  4 to  18.  These 
variations  in  the  filler  material  have  given  trouble  in  the  determination 
of  our  asphalt  content,  but  we  have  not  been  able  to  detect  any  notice- 
able difference  in  surfaces  laid  with  the  wide  range  of  quantities  or 
types. 

An  interesting  example  of  a dense-graded  mix  in  which  little  or  no 
filler  was  used  is  one  section  of  the  sand  mix  surface  mentioned  before 
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that  is  now  under  construction.  This  surface  is  being  laid  two  inches  J 
thick  on  a six  inch  gravel  base.  This  is  a plant  mix  with  an  RC-4  type  . 
cutback.  The  sand  is  being  run  through  a dryer  and  directly  to  a concrete 
mixer.  The  heat  of  the  aggregate  and  the  time  of  mixing  is  such  that  the  ; 
final  mixture  contains  little  or  no  solvent.  The  mix  is  being  delivered 
on  the  job  at  a temperature  of  approximately  225°  |F.  The  average  grada- : 
tion  of  the  sand  is  as  follows : 

No.  4 No.  10  No.  40  No.  80  No.  200 

Total  per  cent  retained  2 8 60  95  97 

A part  of  this  job  has  been  under  traffic  for  over  two  months,  and  : 
there  is  no  evidence  of  either  shoving  or  rutting. 

The  percentage  of  bituminous  material  to  use  in  dense-graded  mixes  j 
has  been  a subject  for  debate  in  this  State  for  some  time.  Numerous  | 
formulae  from  other  states  and  agencies  have  been  studied,  but  these  | 
give  such  a wide  range  in  amount  of  bituminous  material  required  that 
we  have  not  deemed  it  advisable  to  base  our  mix  design  on  any  formula. 
The  amount  used  on  jobs  to  date  has  been  determined  by  visual  inspec- 
tion of  the  mix.  The  amount  of  bituminous  material  used  in  RC  and 
MC  mixes  is  based  upon  the  percentage  of  net  residual  asphalt  in  the 
total  mixture.  Those  percentages  on  the  various  jobs  have  ranged  from 
3 to  5,  and  results  with  both  the  low  and  high  percentages  have  been 
satisfactory. 
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Progress  in  Research  as  Related  to  Quantities  and  Types 
of  Bitumen  to  be  Used  in  Bituminous  Surfaces 


By 

BAILEY  TREMPER 

Materials  Engineer 
Department  of  Highways 
State  of  Washington 

Recent  research  on  the  quantities  and 
types  of  bitumen  to  be  used  in  bituminous 
surfaces  appears  to  have  been  conducted 
by  observation  of  results  obtained  in  con- 
struction, rather  than  by  laboratory  studies 
to  evaluate  these  variables.  It  is  natural 
that  this  procedure  should  have  been  fol- 
lowed because  of  the  uncertainty  of  in- 
terpretation of  laboratory  results.  On  the 
other  hand,  many  other  variables  are,  of 
necessity,  introduced  into  construction 
work.  As  a result  it  is  only  through  a 
preponderance  of  evidence  as  to  results 
obtained  that  definite  conclusions  are  war- 
ranted from  construction  data.  It  is  not 
surprising,  therefore,  to  find  considerable 
differences  of  opinion  between  states  as  to 
which  type  of  bituminous  material  is  best 
suited  for  a given  type  of  construction. 

TYPES 

Bernard  E.  Gray1  has  noted  a rapidly  increasing  use  of  MG'  types 
of  asphaltic  road  material.  He  attributes  to  kerosene  cut-backs  the  ability 
to  coat  dusty  or  dense  graded  aggregates  more  readily  and  to  displace 
moisture  on  aggregates  to  some  extent. 

J.  W.  Powers  of  Arizona2  lists  the  following  as  advantages  of  MC 
products  for  plant  and  road-mix : 

1.  They  develop  a stronger  binder  than  SC  materials. 

2.  There  is  no  appreciable  loss  of  workability  under  favor- 
able conditions  during  the  mixing  period. 

3.  They  develop  sufficient  binding  strength  for  low-filler- 
content  aggregates. 

4.  The  residual  product  is  of  rather  soft  consistency. 

5.  They  are  less  susceptible  than  SC  materials  to  displace- 
ment by  water. 
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Mr.  Powers  notes  the  following  disadvantages  in  MC  materials,  namely, 
that  the  mats  are  more  difficult  to  rework  after  they  have  been  down 
some  time. 

Montana8  has  found  RC-3  in  plant  mix  and  MC-2  in  road  mix  to  be 
superior  to  SC  oils. 

Lawrence  County,  Illinois,4  found  good  results  in  an  MC-2  mat  which 
was  under  traffic  during  unusually  adverse  weather  conditions. 

District  1 of  the  Bureau  of  Public  Roads3  selected  MC-2  for  road 
mix  on  the  trans-mountain  highway  in  Glacier  National  Park. 

Washington  uses  both  SC-2  and  MC-2  in  road  mixes.  MC-2  generally 
is  more  satisfactory.  Its  cost  is  greater  than  SC-2  and  hence  the  latter 
is  used  to  some  extent  on  lightly  travelled  roads.  Washington  has  con- 
structed very  little  low  cost  plant-mix  surfaces  in  recent  years. 

Opposed  to  the  apparently  growing  sentiment  towards  MC  materials 
in  mixes  is  the  State  of  Oregon.  H.  G.  Smith,  Construction  Engineer, 
states6:  “We  cannot  believe  that  MC-2  has  any  place  in  road  construc- 
tion as  our  laboratory  tests  clearly  indicate  that  it  is  not  possible  for 
kerosene  cut-back  to  be  absorbed  into  the  aggregate  or  to  evaporate  en- 
tirely from  the  mixture,  and  we  are  convinced  that  it  affords  a dangerous 
lubricating  agent  to  eventually  cause  corrugations  and  traffic  grooves.’ ’ 
Oregon  is  now  using  RC-3  exclusively  in  road  mixes  and  finds  little 
difficulty  in  mixing  during  ordinary  summer  weather,  particularly  if 
the  200  mesh  material  is  below  3 per  cent. 

Other  states,  notably  Utah7  and  Colorado8  report  the  use  of  SC-3  ex- 
clusively in  road  mix.  Jackson  County,  Oregon,9  used  both  SC-3  and 
RC-3.  They  report  the  RC-3  to  be  slightly  more  difficult  to  work.  Liv- 
ingston County,  Michigan50,  uses  both  SC-3  and  MC  materials.  They  prefer 
the  SC-3  because  of  easier  reworking. 

J.  E.  Buchanan11  notes  a trend  toward  heavier  asphaltic  materials  in 
plant  mix  construction.  Whereas  SC-4,  MC-4  and  MC-5  have  been  used 
in  the  past,  Nevada,  Arizona  and  California  are  now  using  heavier  vis- 
cosity materials  such  as  SC-5,  SC-6,  and  151-200  penetration  asphalt.  Mr. 
Buchanan  finds  the  chief  advantage  SC-6  plant  mix  over  MC  plant  mix 
to  be  that  aeration  to  remove  kerosene  solvent  is  unnecessary,  hence  it 
may  be  placed  immediately  by  mechanical  means  without  processing  on 
the  roadway.  Mr.  Buchanan  notes  that  in  road  mixes,  heavier  viscosity 
products  may  be  used  if  mixing  is  done  with  traveling  mixing  machines 
rather  than  by  blade. 

Missouri12  has  reported  an  experimental  road  in  which  powdered 
asphalt  has  been  incorporated  in  mixes.  They  report  that  from  10  to  15 
per  cent  of  powdered  asphalt  was  of  distinct  advantage  in  dense  and 
medium  graded  mixes.  They  did  not  find,  however,  that  powdered  asphalt 
in  any  percentage  up  to  25  improved  open-graded  mixes. 

For  sealing,  RC  products  are  in  greatest  favor,  RC-4  being  used  with 
cover  stone  and  RC-1  and  RC-2  when  no  cover  material  is  added.  Montana 
specifies  a special  RC-1  in  which  the  base  stock  is  of  lower  penetration 
and  the  solvent  is  a more  volatile  naphtha.  Emulsions  apparently  are 
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used  to  some  extent.  Washington  for  several  years  used  151-200  penetra- 
tion asphalt  in  two  applications,  each  covered.  Difficulties  arising  from 
adherence  of  the  cover  stone  in  cool  weather  have  been  responsible  for 
a return  to  RC-4.  Oregon  used  RC-3  with  cover  stone  to  seal  road  mix 
mats. 

In  the  higher  types  of  surfaces,  bituminous  macadam  and  asphaltic 
concrete,  considerable  experimentation  has  been  done  with  asphalts  of  higher 
penetration  including  even  the  heavier  SC  products11.  No  formal  reports  of 
the  behavior  of  these  experimental  roads  have  been  noted.  It  is  under- 
stood, however,  that  during  the  relatively  short  time  they  have  been  under 
observation,  no  lack  of  stability  has  become  apparent.  California11  is  using 
101-120  penetration  asphalt  in  asphaltic  concrete  on  one  project.  Wash- 
ington intends  to  use  SC-6  (90  to  95%  asphaltic  residue)  in  place  of 
151-200  penetration  asphalt,  formerly  used  in  bituminous  macadam  partly 
because  of  lower  cost  but  also  because  the  heavier  asphalt  has  shown 
some  tendency  towards  brittleness  in  extreme  cold  weather.  On  the  other 
hand,  Massachusetts  uses  85-100  penetration  asphalt  for  bituminous  mac- 
adam. 

The  tendency  to  study  the  use  of  softer  grades  of  asphalt  apparently 
has  been  given  an  impetus  from  a recent  realization  of  the  extent  to 
which  asphalts  harden  during  mixing  and  in  service.  It  is  important  to 
note  that  there  is  little  or  no  evidence  to  show  that  modern  pavements  are 
hardening  to  a degree  any  greater  than  those  of  older  construction.  The 
need  for  softer  asphalts  therefore  will  be  proven  not  by  the  general 
knowledge  that  hardening  takes  place  in  service,  but  by  a study  of  the 
conditions  under  which  the  harder  grades  have  proven  to  be  unsatis- 
factory. 

It  should  be  noted  in  this  connection  that  the  simple  expedient  of 
using  a softer  asphalt  may  not,  of  necessity,  result  in  appreciably  softer 
product  in  the  eventual  pavement.  Lewis  and  Hillman13  found  that  even 
some  slow  curing  materials  hardened  to  dangerously  low  penetrations 
under  the  accelerated  exposure  conditions  of  their  tests.  J.  R.  Benson14 
has  found  marked  differences  in  thin  films  of  asphaltic  materials  after 
exposure  to  natural  and  artificial  weathering  agencies.  It  appears  that 
the  characteristics  of  the  asphaltic  material  may  be  fully  as  important 
as  the  penetration  or  viscosity  at  the  time  of  use.  While  it  is  known  that 
many  users  and  producers  are  actively  engaged  in  research  on  this 
problem  it  does  not  appear  that  we  have  yet  arrived  at  a point  where 
resistance  to  undesirable  hardening  may  be  included  as  a specification 
requirement. 

QUANTITIES 

The  quantity  of  bituminous  binder  to  be  used  in  a given  type  of 
construction  varies  in  accordance  with  the  physical  characteristics  of  the 
aggregate,  atmospheric  temperature  at  the  time  of  laying  and  the  type  of 
construction  equipment  employed. 

California  in  the  construction  of  the  East  approach  to  the  San  Francisco 
Bay  Bridge15  increased  the  bitumen  content  of  the  asphaltic  concrete  pave- 
ment to  provide  greater  flexibility  on  a subgrade  in  which  further  settle- 
ment was  to  be  expected.  The  use  of  a richer  mix  was  considered  feasible 
because  of  the  low  seasonal  fluctuation  in  temperature  at  that  location. 
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Variation  between  states  in  the  quantities  of  bituminous  material  used 
under  similar  circumstances  is  difficult  to  determine  with  accuracy,  but 
in  bituminous  macadam  there  appears  to  be  a wide  difference  in  the 
practice  of  the  New  England  states  compared  to  that  of  the  Western  states. 
Specifications  indicate  that  in  the  construction  of  a 2%  inch  mat,  applica- 
tion of  asphalt  to  the  base-rock  amounts  to  from  1.75  to  2.0  gallons  per 
square  yard  in  New  England  against  approximately  1.0  gallon  in  Wash- 
ington and  Oregon.  Both  areas  use  essentially  equal  amounts  of  asphalt 
in  succeeding  applications. 

The  New  England  States  have  a reputation  for  constructing  excellent 
bituminous  macadam  and  we  in  the  West  are  proud  of  the  results  ob- 
tained here.  It  may  be  assumed  that  the  quality  of  the  surfaces  is  not 
radically  different.  The  difference  in  the  quantity  of  asphalt  found  neces- 
sary appears  to  result,  not  so  much  from  differences  in  aggregate  or  as- 
phalt. but  in  the  method  of  application.  Oregon  developed  and  Washington 
uses  a solution  containing  one  per  cent  of  soap  applied  through  a spray 
bar  mounted  a few  inches  ahead  of  the  asphalt  spray.  This  solution  is 
used  at  the  rate  of  about  10  per  cent  of  the  volume  of  the  asphalt.  When 
the  hot  asphalt  strikes  the  wet  rock,  vigorous  foaming  takes  place,  the 
foam  sometimes  rising  to  a height  of  a foot  or  more.  After  subsidence 
the  under  side  of  each  aggregate  particle  is  found  to  be  coated  with 
bitumen.  It  is  thought  that  the  use  of  the  soap  solution  in  this  manner 
makes  it  possible  to  obtain  thorough  coating  with  from  0.5  to  1.0  gallon 
per  square  yard  less  of  asphalt  than  would  otherwise  be  required. 

Little  has  been  reported  regarding  the  differences  in  percentage  of 
bitumen  made  necessary  by  a change  in  the  type  of  oil.  Livingston  County, 
Michigan,10,  however,  reports  the  use  of  0.52  gallon  of  SC-3  per  square  yard 
per  inch  of  road  mix  mat  against  0.60  gallon  of  MC  material. 

Apparently  nothing  has  been  reported  as  to  the  variation  in  the  per- 
centage oil  required  in  identical  mixes  when  oils  of  the  same  grade  have 
been  produced  from  different  crudes  or  by  different  refining  processes. 
There  can  be  little  doubt  that  a difference  does  exist  especially  as  betweeen 
cracked  and  uncracked  products.  It  would  not  be  very  difficult  to  evalu- 
ate oils  on  this  basis  in  laboratory  tests  and  the  results  might  be  of  con- 
siderable economic  importance. 

Another  factor  influencing  the  quantity  of  oil  to  be  used  is  the  rich- 
ness of  the  mixture  desired  on  the  road.  Levi  Muir  of  Utah7  has  stated 
the  problem  clearly  as  follows:  “The  optimum  amount  of  bitumen  is  the 
largest  percentage  the  material  will  carry  and  still  retain  sufficient  stabil- 
ity.” Mr.  Muir  follows  with  the  statement  that  dense  graded  mixes,  in 
particular,  are  sensitive  to  the  amount  of  oil  and  lose  stability  seriously 
if  over-oiled.  He  concludes  that  it  is  safer  to  work  to  the  lean  side  and 
cover  the  mix  with  a seal.  Similar  conclusions  apparently  have  been  reached 
by  the  majority  with  respect  to  dense  graded  mixtures.  In  more  open  mixes 
the  percentage  of  oil  is  not  so  critical  with  respect  to  stability.  It  is 
probable  that  practice  leans  toward  a slightly  richer  mix  with  a view 
toward  securing  better  resistance  to  water  and  abrasion. 
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Definite  advances  in  the  understanding  of  the  phenomenon  of  adhesion 
between  aggregates  and  bituminous  materials  have  been  made  the  past 
year.  Methods  for  converting  hydophilic  aggregates  to  those  of  a hydo- 
phobic  character  have  been  developed.  The  mechanism  of  adhesion  has 
become  clearer  and  methods  of  test  have  undergone  further  development. 

Norman  W.  McLeod1  has  been  able  through  the  use  of  activating  agents 
suited  to  the  type  of  aggregate,  and  collecting  agents,  principally  oleic  acid, 
to  coat  damp  No.  40  to  No.  8 aggregates.  He  feels  that  dynamically  stable 
mixtures  which  are  not  susceptible  to  stripping  by  water  may  be  ob- 
tained. The  practical  application  of  this  method  would  obviate  the  neces- 
sity of  removing  moisture  from  aggregates  by  drying.  Costs  of  reagents 
range  from  5 to  50  cents  per  ton  of  aggregate. 

Winterkorn,  Eckert  and  Shipley  in  their  study  of  the  Riedel  and 
Weber  test2  found  increases  in  adhesion  of  asphalt  films  when  the  ag- 
gregates were  first  coated  with  certain  resins.  A phenol-furfural  resin 
gave  a maximum  adhesion  for  all  the  asphalts  used. 

In  discussing  Mr.  McLeod’s  paper1  Mr.  Dow  reported  an  improve- 
ment in  adhesion  through  the  treatment  of  aggregates  with  ferric  chloride 
or  with  hydrochloric  acid.  Mr.  Nicholson  described  effective  treatments 
with  iron  and  aluminum  sulfate. 

The  activation  of  earths  for  bleaching  purposes  is  carried  out  by  acid 
treatment.  According  to  Voigt,13  this  treatment  leads  to  the  increase  of  the 
activated  surface  by  dissolving  out  oxides  of  iron  and  aluminum  and  re- 
placing the  surface  calcium  and  magnesium  with  hydrogen  or  aluminum. 
Activated  earths  bleach  mineral  oils  by  adsorption. 

Although  his  paper  has  been  published  for  several  years,  the  work 
of  John  M.  Patek3  is  of  such  fundamental  and  pioneering  nature  that  it 
is  thought  advisable  to  call  it  to  attention  here.  Patek  has  investigated 
the  “ unwettability”  (with  water)  of  silicate  mineral  surfaces  which  were 
ground  (but  not  polished)  and  then  “ cleaned  of  foreign  material”  by  im- 
mersion for  a few  minutes  in  6N  hydrochloric  acid  followed  by  drying. 
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By  measuring  the  contact  angle  made  by  a drop  of  distilled  water  upon 
this  surface,  the  relative  unwettability  was  evaluated.  The  angle  formed 
by  a drop  of  the  floatation  solution  of  water,  sodium  oleate  and  terpineol 
was  also  measured.  High  floatability  seemed  to  be  denoted  either  by  a high 
contact  angle  with  pure  water,  or  by  a large  difference  between  an  angle 
obtained  with  pure  water  and  one  obtained  with  soap  solution.  Float- 
ability  was  found  to  be  directly  proportional  to  specific  gravity  and  a 
function  of  the  “ valence  ratio.”  By  laboratory  flotation  tests  20  silicate 
minerals  were  rated  wdth  respect  to  floatability. 

Saville  and  Axon4  experimented  with  several  variations  of  “wash” 
and  “soaking”  tests  to  determine  the  effect  of  pretreating  a chert  ag- 
gregate with  proprietary  oils  and  salts.  Their  results  were  not  conclu- 
sive. It  is  noteworthy,  however,  that  they  did  not  find  treatment  with 
ferric  chloride  to  be  effective  in  promoting  better  adhesion  with  asphalt. 
Possible  reasons  for  this  will  be  discussed  later. 

The  effect  of  ferric  chloride  in  improving  the  adhesion  of  asphalt 
to  aggregates  has  been  investigated  independently  in  the  laboratory  of 
the  Washington  Department  of  Highways.  Improvement  in  adhesion  by  this 
treatment  was  noted  by  observation  and  measurement  of  the  contact  angle 
between  asphalt  and  the  treated  aggregate  surface  in  the  presence  of 
water.  The  results  were  checked  and  expressed  quantitatively  by  the  “wash 
test”  cf s developed  in  our  laboratory.  Figure  1 shows  the  improvement  in 
adhesion  resulting  from  the  treatment  of  a graded  aggregate  with  various 
small  amounts  of  ferric  chloride  before  making  a mixture  with  SC-2. 
This  diagram  shows  a pronounced  improvement  in  resistance  to  stripping 
of  aggregate  treated  with  as  little  as  0.03  of  a per  cent  by  weight  (0.6 
pound  per  ton)  of  ferric  chloride  (FeCl3.6H20) . Satisfactory  improvement 
of  the  aggregate  represented  by  the  top  curve  of  Figure  2 was  obtained 
by  the  use  of  ferric  chloride  in  quantities  considerably  in  excess  of  those 
required  by  the  first  aggregate. 

We  found  this  improvement,  although  Saville  and  Axon  found  no  bene- 
fit from  ferric  chloride  treatment.  Assuming  that  the  difference  in  char- 
acter of  the  aggregate  in  the  two  cases  was  without  influence,  results 
appear  to  have  been  influenced  by  treating  methods.  We  mixed  oven  dry 
(18  hours  at  140°  F.)  treated  aggregate,  while  Saville  and  Axon  im- 
mersed the  aggregate  in  a 10%  solution  for  five  minutes  and  air  dried 
it  for  an  indefinite  period.  We  have  found  that  when  a drop  of  oil  is 
applied  to  a surface  which  is  coated  with  ferric  chloride  in  excess  of  the 
amount  required  for  activation  and  has  been  allowed  to  take  up  hygro- 
scopic moisture,  additional  water  easily  undercuts  the  oil  and  removes 
it  from  the  mineral  surface  to  which  it  apparently  never  was  attached. 

We  found  by  similar  tests  that  the  addition  of  benzoic  acid  or 
phthallic  acid  to  SC-2  oil  greatly  improved  its  adhesion  to  silicate  rock 
surfaces. 

Thus  it  appears  that  adhesion  may  be  enhanced  through  suitable  treat- 
ment either  of  the  aggregate  or  the  asphaltic  material. 

Dr.  Winterkorn  stated  in  his  paper  at  the  1937  Montana  Conference 
that  the  first  general  attack  on  the  adhesion  problem  appears  to  have 
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come  to  a successful  ending,  permitting  at  least  the  logical,  although  qualita- 
tive, exposition  of  the  factors  involved. 

Adhesion  has  been  defined  as  the  resistance  to  separation  of  two  ad- 
joining materials.  One  of  the  fundamental  requirements  for  the  good  ad- 
hesion of  any  adhesive  cement  is  that  the  surface  to  be  cemented  is 
thoroughly  wetted  by  the  cementing  medium.  The  film  should  be  uniform 
and  continuous.  Fluid  bituminous  oil  films,  to  be  serviceable,  must  remain 
continuous  under  all  natural  conditions.  These  include  the  presence  of 
water.  With  certain  aggregates  and  some  oils  when  first  mixed,  the 
continuity  of  the  films  under  water  is  broken.  After  oiling,  in  the  cases 
of  some  hydophilic  aggregates,  this  condition  exists  a longer  time  than 
one  might  expect. 

That  adsorption  is  an  essential  part  of  our  adhesion  problem  is  now 
known.  By  adsorption  the  continuous  flim  eventually  is  held  to  the 
mineral  surface  by  its  attraction  to  its  component  molecules  oriented  at 
the  oil-solid  interface.  This  effect  develops  with  time.  Examples  of  the 
time  required  for  orientation  to  take  place  are  given  in  the  research  litera- 
ture of  lubrication  and  of  flotation.5 

An  interesting  discovery  by  Dr.  I.  Traube6  is  the  adsorption  of  emulsi- 
fied octyl  alcohol  and  emulsified  caprylic  acid  by  surfaces  which  do  not 
adsorb  these  molecules  from  solution  to  any  extent.  Similar  work  upon  ad- 
sorption of  oleic  acid  by  minerals  has  been  carried  out  by  his  colleague  0. 
Bartsch,7  who  has  shown  that  upon  hydrophilic  surfaces  adsorption  takes 
place  in  the  same  manner  as  upon  more  hydrophobic  surfaces,  but  that 
the  quantity  held  and  the  intensity  of  the  force  holding  it  are  not  so 
great  as  in  the  former  case.*  This  immediately  causes  one  to  wonder  if 
something  similar  takes  place  in  the  case  of  silicate  minerals  and  emulsi- 
fied SC-2. 

One  aggregate  which  appears  from  tests  to  be  extremely  hydrophilic  in 
character  has  been  investigated  in  considerable  detail  in  our  laboratory. 
This  aggregate  is  represented  by  the  top  curve  of  Figure  2.  The  following 
results  were  noted  in  experiments  on  mixtures  of  this  aggregate  with  SC-2 
oil : 

1.  The  fraction  passing  the  No.  100  sieve  and  retained  on  the  No. 
200  sieve  adsorbed  4 per  cent  of  its  weight  of  oil  from  an  emulsion  of 
SC-2  under  conditions  which  must  have  been  distinctly  unfavorable  to 
adhesion.  The  oil,  though  probably  not  in  the  form  of  a fluid  film,  was 
not  easily  removed  by  washing. 

2.  The  0 - No.  100  fraction  when  dry  and  mixed  with  24  per  cent 
of  SC-2  resulted  in  a black,  sticky  mixture.  When  the  mixture  was  shaken 
in  water  at  room  temperature  for  15  minutes,  no  oil  came  to  the  surface. 
The  oil,  however,  underwent  a change  as  the  mixture  became  yellow-brown 
in  color,  was  non-coherent  and  could  be  washed  through  a No.  100  sieve. 
When  water  was  added  to  the  original  mixture,  and  was  shaken  as  before 
and  then  was  heated  to  boiling,  oil  rose  to  the  surface. 


*It  is  a very  remarkable  fact  that  a colloidal  substance  such  as  oleic  acid  is  adsorbed 
by  minerals,  not  in  a single  layer  corresponding  to  Langmuir’s  theory,  but  in  a great  many 
layers.  Bartsch  showed  microscopically  that  about  9,500  molecular  layers  of  oleic  acid 
were  adsorbed  on  the  surface  of  a mineral. 
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3.  Dry  aggregate,  graded  0 to  mixed  with  6.4  per  cent  oil  gave 

a normal  mixture  which  was  black,  lustrous  and  coherent.  This  mixture, 
when  soaked  in  water  for  15  minutes,  stirred,  and  then  dried  at  a low 
temperature,  became  brown,  “dead”  and  less  coherent.  A similar  mixture 
made  with  wet  aggregate,  when  dried  at  a low  temperature  became  brown 
and  “dead”  and  was  deficient  in  coherence. 

Differences  in  coherence  of  the  mixtures  were  established  by  screening 
through  a No.  40  sieve.  Only  a small  amount  of  the  “dry-treated”  mix- 
ture passed  this  sieve  in  comparison  to  much  larger  amounts  that  were 
obtained  from  the  “wet-treated”  mixtures. 

The  following  observations  were  made  of  the  plane,  rough-ground  sur- 
face of  this  aggregate  which  was  coated  with  SC-2  oil  and  then  was  im- 
mersed in  water. 

1.  The  oil  contracted  into  small  drops  exposing  the  mineral  surface. 

2.  Upon  removal  from  the  water,  the  oil  spread  out  over  the  surface 
as  it  did  before  immersion. 

3.  These  results  occurred  repeatedly  upon  re-immersion  and  removal 
from  water.  The  drops  rarely  were  detached  from  the  surface. 

4.  A slight  stain  remained  on  the  rough-ground  surface  after  con- 
traction of  the  film,  indicating  its  former  boundary.  The  stain  appeared 
to  consist  of  minute  drops  of  oil  around  active  points. 

In  this  connection,  the  observation  of  the  contraction  of  SC-2  oil 
drops  previously  spread  on  glass  for  10  minutes,  and  immersed  in  im- 
miscible liquids  other  than  water  is  of  interest.  The  contraction  in  liquids 
such  as  ethyl  alcohol  and  glycerol  is  roughly  the  same  as  that  in  water. 
When  immersed  in  aniline,  which  has  virtually  the  same  adhesion  tension 
to  glass  as  does  water,8  the  oil  drops  spread  out  wider,  rather  than  con- 
tract. The  same  occurs  on  a quartz  surface.  The  interfacial  tension  of 
SC-2  oil  against  water  is  in  the  neighborhood  of  15  dynes/cm.,  and  prob- 
ably much  lower  against  aniline.  The  equation  relating  these  tensions  ap- 
pears decidedly  not  to  hold  in  this  case. 

The  actual  detachment  of  the  contracting  drop  occurs  in  special 
instances.  Alkaline  water  and  probably  boiling  water  will  detach  the 
drop. 

It  is  not  clear  whether  the  stripping  of  oil  from  a mineral  surface  by 
water  consists  of  few  or  of  several  manifestations.  One  may  expect  oil 
to  come  floating  to  the  surface  of  the  water  after  a stripping  test  has 
been  performed.  Some  tests  undoubtedly  conclude  in  this  manner.  In  those 
which  include  dust  as  part  of  the  aggregate,  and  in  which  stripping  takes 
place  at  room  temperature,  the  water  appears  cloudy,  and  in  extreme 
cases  is  very  thick  with  suspended  material,  yet  little,  if  any,  oil  appears 
at  the  surface  of  the  water  when  the  mechanical  agitation  is  stopped. 

Tests  For  Evaluating  Adhesion 

For  purposes  of  research  on  the  adhesion  of  oils  to  aggregates,  or  of 
hydrophilic  or  hydrophobic  nature  of  aggregates  toward  oils,  the  recent 
literature  has  not  indicated  the  use  of  the  Water-Asphalt  preferential 
test,  to  any  great  extent.  Instead,  other  types  of  wash  tests  have  been  given 


—105— 


the  preference.  For  research  purposes,  the  water-asphalt  preferential  test 
limits  the  conditions  which  can  be  studied.  It  tests  the  200-minus  ma- 
terial only,  which  may  have  quite  different  properties  than  the  coarser 
aggregate,  especially  as  to  the  time  required  for  curing.  The  oil  used  is 
limited  to  light  grades,  and  the  oil-filler  mixture  is  not  typical  of  prac- 
tice. Due  to  the  lack  of  curing  data  available,  many  believe  the  results  of 
this  test  often  to  be  misleading.  As  visual  estimation  is  the  usual  method 
employed  for  evaluating  the  results,  errors  are  easily  made,  for  differences 
in  settling  volume  or  rate  of  settling  may  be  very  deceptive.  Montana, 
however,  has  developed  a method  for  recovering  and  weighing  the  separated 
dust. 

The  swell  test,  to  which  the  above  test  was  intended  to  be  supple- 
mentary, is  by  far  the  most  widely  used  for  evaluating  adhesional  char- 
acteristics. Yet  even  here  are  limitations  which  need  to  be  overcome.  Dif- 
ferences in  the  penetration  of  water  into  the  test  specimen  and  the 
softening  by  water,  are  not  disclosed  by  the  numerical  value  of  the  swell. 
It  is  also  difficult  to  study  the  effect  of  curing,  particularly  when  cut 
back  products  are  used. 

Swelling  appears  to  be  brought  about  by  the  water  replacement  of 
the  oil  flim  attached  to  the  aggregate  particle.  It  also  may  be  influenced 
by  characteristics  of  the  mineral  dust  other  than  the  adhesion  tension  for 
oil.  Studies  made  on  various  clay  minerals  by  X-ray  methods'1  10  11  12  indicate 
that  certain  crystals  swell  reversibly,  in  one  dimension,  with  water.  These 
minerals  are  also  known  to  exhibit  a large  base  exchange  capacity.  Promi- 
nent among  such  minerals  is  Montmorillonite,  which  is  known  to  be  a 
product  of  the  decomposition  of  basalt  in  certain  cases.  The  structurally 
similar  pyrophyllite  does  not  swell  with  water  and  probably  neither  does 
kaolinite,  and  both  exhibit  but  little  base  exchange  capacity.  Obviously, 
equal  amounts  of  displacement  of  oil  films  by  water  may  cause  unequal 
swelling  of  the  test  specimens  depending  on  the  properties  of  the  minerals 
present  in  the  aggregate. 

Stripping  of  oil  from  aggregate  has  been  observed  with  coarse  ma- 
terial taken  from  a swell  test  in  which  the  numercial  value  of  swell  was 
low.  The  coarse  material  was  taken  from  the  cylinder,  shaken  a few 
revolutions  with  water  in  an  Erlenmeyer  flask  and  the  mineral  surface 
exposed. 

A further  objection  to  the  swell  test,  in  Washington,  and  one  that 
probably  has  been  observed  elsewhere,  is  that  successful  bituminous  sur- 
faces have  been  constructed  with  aggregates  that  would  be  considered  un- 
satisfactory from  their  behavior  in  this  test. 

Stripping  tests  which  include  the  mechanical  agitation  or  shaking 
of  the  oil  mixture  with  water,  appear  to  be  in  greatest  favor  because  of 
their  closer  similarity  to  probable  road  conditions.  The  best  known  of 
these  are  the  Nicholson  and  the  Dow  wash  tests,  which  are  quite  similar. 
The  Riedel  and  Weber  test,  which  has  been  of  interest  in  this  country, 
has  been  investigated  by  Dr.  Winterkorn  and  the  results  were  published 
this  last  year.2  Among  Dr.  Winterkorn ’s  conclusions  from  this  investiga- 
tion was  that  the  use  of  alkali  solutions  of  graded  concentrations  as 
standards  for  the  testing  of  the  adhesiveness  of  bituminous  films  to 
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mineral  surfaces  is  objectionable,  because  the  effect  of  the  alkali  solution  on 
the  bituminous  material  is  inconsistent  and  different  from  that  of  water. 

The  primary  objection  to  the  Nicholson  and  Dow  tests  is  that  the 

amount  of  uncoated  material  is  estimated  visually.  The  Nicholson  test 
carries  out  the  water  stripping  at  140°  F.  which  is  the  extreme  for 
natural  conditions. 

The  wash  test  described  briefly  at  the  1937  Montana  National  Bitumi- 
nous Conference,  and  which  has  been  in  use  in  the  Washington  Highway 
laboratory  for  a year  and  a half  is  a modification  of  the  Dow  test. 

This  test  involves  the  agitation  in  water  of  a mixture  composed  of 
bitumen  and  aggregate  graded  between  0 and  % inch.  This  is  carried 
out  at  room  temperature.  After  agitation  a quantitative  separation  of 
“ stripped’’  and  “ unstripped ” particles  finer  than  the  No,  100  sieve  is 

made  by  the  simple  method  of  washing  the  wet  mixture  through  the 
sieve.  “ Stripped”  particles  pass  the  sieve  readily  while  those  on  which 
the  coating  is  unchanged  are  retained.  The  quantitative  separation,  then, 
is  made  on  particles  smaller  than  the  No.  100  sieve  only.  The  method 
assumes  a similar  effect  on  the  coarser  particles.  The  validity  of  this 
assumption  may  be  questioned,  but  when  the  aggregate  is  prepared  as 
is  done  in  our  laboratory,  namely,  by  using  crushed  coarse  aggregate 

only,  it  is  felt  that  the  action  on  the  particles  coarser  than  the  No.  100 
sieve  is  very  much  the  same  as  on  the  fine  particles.  Visual  examination 
frequently  indicates  that  this  is  the  case.  If  it  is  desired  to  test  mixtures 
containing  naturally  occurring  fine  particles  there  may  be  a doubt  as 
to  whether  “stripping”  determined  on  the  dust  is  representative  of  that 
of  the  entire  aggregate.  The  test  has  the  advantage  over  the  water- 

asphalt  preferential  test,  however,  in  that  the  action  of  the  dust,  not 
alone,  but  in  combination  with  coarser  aggregate,  is  observed.  The  test 
is  considered  superior  to  the  swell  test  in  that  it  involves  agitation  of 
the  mixture  in  the  presence  of  water.  Other  advantages  are  that  a wide 
range  of  bituminous  materials  can  be  used,  either  the  bitumen  or  the 
aggregate  can  be  tested,  and  the  preparation  of  the  aggregate  is  standardized. 
An  important  feature  is  the  ease  with  which  the  effect  of  age  in  curing 
the  mixture  may  be  studied.  This  is  brought  about  through  the  use  of 
small  samples  (50  grams)  which  can  be  brought  rapidly  to  the  tempera- 
ture desired  for  curing.  When  the  curing  period  has  elapsed,  agitation  in 
water  and  washing  are  completed  in  a minimum  of  time. 

The  wash  test  has  been  in  use  in  our  laboratory  for  about  18  months 
during  which  time  probably  300  tests  have  been  made.  We  have  found  the 
results  to  be  reproducible  within  reasonably  close  limits.  We  believe  it 
to  be  sound  in  theory  and  that  it  measures  the  detrimental  effects  of 
water  on  bituminous  mixtures. 

In  the  above  discussion  of  the  test,  we  have  used  quotation  marks 
in  referring  to  “stripping.”  This  has  been  done  because  the  use  of  the 
term  might  be  construed  as  meaning  complete  removal  of  the  oil  film. 
Although  some  light-colored  hydrophilic  aggregates  appear  visually  to 
have  lost  their  coating  completely,  we  believe  that  actually  a portion  of 
the  film  is  always  retained.  When  the  wash  test  fines  have  been  dried 
first  and  then  extracted  with  benzene,  quantities  of  oil  varying  from  pos- 
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sible  one-tentli  to  one-half  of  the  amount  assumed  to  have  been  present 
originally  are  recovered.  Not  all  of  the  retained  oil  is  held  with  equal 
intensity  because,  after  extraction  with  benzene,  small  but  varying  amounts 
can  be  extracted  with  an  alcohol-benzene  mixture,  according  to  the 
method  of  Koehrick.17 

Early  in  our  studies,  the  question  was  raised  as  to  what  becomes  of 
the  “stripped’ 7 oil.  We  were  unable  to  observe  any  sign  of  oil  floating 
on  the  water  despite  the  fact  that  the  amount  indicated  as  having  been 
removed  was  sufficient  to  have  been  readily  visible.  It  is  now  thought 
that  the  released  oil  exists  in  the  wet  mixture  in  the  form  of  minute 
globules.  These  are  retained  on  the  No.  100  sieve  in  the  wash  test. 

The  separated  oil  presumably  becomes  attached  to  the  aggregate  sur- 
faces again  when  the  mixture  is  dried  but  the  physical  properties  may 
have  changed  considerably.  Earlier  in  this  paper,  experiments  were  de- 
scribed in  which  a mixture  of  SC-2  oil  and  a graded  hydrophilic  aggregate 
changed  in  color,  luster  and  coherence  when  soaked  in  water  and  then 
dried  at  low  temperature.  The  mixture  undoubtedly  became  less  service- 
able for  use  as  a road  surface.  Changes  such  as  this  are  believed  to  be 
measured  by  the  wash  test. 

Further  evidence  of  the  alteration  of  the  surface  characteristics  of  the 
fine  material  recovered  from  the  wash  test  is  that  though  alkaline  solu- 
tions tend  to  strip  oil  films  from  aggregate  surfaces,  the  adsorbed  oil 
remains  in  place,  and  the  fine  particles  are  actually  flocculated  readily  by 
sodium  hydroxide  solution.  Hydroxyl  ion  is  a dispersing  agent  for  clays 
and  silica15  which  therefore  normally  take  a negative  charge.  Hydroxyl 
ion  supposedly  cannot  ordinarily  act  as  a bond  between  particles14  but 
it  appears  that  due  to  the  adsorbed  oil,  the  wash  test  fines  may  now  be 
positively  charged.  Calcium  chloride  is  a rather  weak  flocculating  agent 
for  these  fines,  and  hydrogen  ion  acts  as  a dispersing  agent.  The  floccula- 
tion by  sodium  hydroxide  therefore  would  presume  a very  intense  ad- 
sorption of  hydroxyl  ions  by  the  positively  charged  wash  test  fines.  The 
wash  test,  then,  measures  not  only  the  removal  of  a portion  of  the  coat- 
ing from  the  surfaces  of  aggregates,  but  also  the  transformation  of  the 
coating  to  a state  that  reduces  the  coherence  and  serviceability  of  the 
mixture.  Whether  either  or  both  phenomena  take  place  with  a given  ag- 
gregate, the  loss  in  the  wash  test  is  believed  to  indicate  the  extent  of  the 
impairment  that  may  be  expected  when  such  a mixture  is  exposed  as  a 
roadway  surface  to  the  action  of  water. 

Some  tests  show  the  percentage  wash  to  be  in  excess  of  100%.  The 
recovery  of  fines  in  an  amount  greater  than  was  present  in  the  original 
aggregate  is  the  result  of  grinding  action  of  rather  soft  materials  during 
the  period  of  agitation  in  water.  This  is  illustrated  by  the  following  data : 

Grams  Grams  of  Per  cent  of 

of  graded  Grams  of  100-  100-minus  100-minus 
Sample  No.  Treatment  % "-minus  minus  in  agg\  recovered  recovered 

1 Unshaken  47.0  8.56  8.66  101.1 

2 Shaken  47.0  8.56  10.22  119.5 

Figure  2 shows  the  effect  of  curing  mixes  at  140°  F.  for  various 
short  periods  of  time.  Our  studies  have  indicated  that  curing  for  one 
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hour  at  140°  F.  is  approximately  equal  to  curing  for  one  day  at  70°  F. 
It  will  be  observed  that  all  the  aggregates  illustrated  show  an  improvement 
against  wash  with  length  of  curing  time.  This  has  been  true  for  all  ag- 
gregates tested.  The  rate  of  improvement,  however,  varies  considerably 
among  aggregates. 

In  our  laboratory  we  evaluate  aggregates  on  wash  tests  made  im- 
mediately after  mixing  (0  hour  curing)  and  after  4 hours  curing  at  140° 
F.  If  the  0 hour  wash  is  below  about  35  per  cent,  it  is  concluded  that  the 
material  is  distinctly  hydrophobic  and  that  it  will  give  good  results  in 
bituminous  work.  When  the  0 hour  wash  is  higher,  say  60  to  70  per  cent, 
then  the  4 hour  result  is  considered.  When  the  drop  between  0 and  4 hours 
is  considerable  it  is  taken  to  mean  that  the  bituminous  treatment  will 
improve  relatively  rapidly  after  construction.  Of  two  aggregates  show- 
ing the  same  0 hour  wash,  the  one  showing  the  lower  4 hour  wash  would 
be  considered  the  better.  Of  two  aggregates  showing  the  same  4 hour 
wash,  the  one  showing  the  higher  0 hour  wash  would  be  considered  the 
better  because  the  rate  of  improvement  after  4 hours  would  be  expected 
to  be  more  rapid. 

We  continue  to  make  swell  tests  on  all  aggregates  as  additional  evi- 
dence of  their  characteristics.  Frequently  the  swell  is  in  excess  of  the  es- 
tablished limit,  but  the  wash  test  indicates  satisfactory  performance.  We 
then  give  greater  weight  to  the  wash  test,  a policy  that  is  in  line  with 
our  previous  experience  that  the  swell  test  rejects  some  usable  aggregates. 
Whether  or  not  this  course  will  be  entirely  justified  by  experience  remains 
to  be  seen. 

The  only  distinctly  bad  aggregate,  judged  by  the  wash  test,  that 
we  have  tested  is  the  one  represented  by  the  top  curve  in  Figure  2. 
It  shows  a high  swell  also.  It  has  not  been  used  in  bituminous  construc- 
tion. Those  aggregates  of  doubtful  quality,  as  judged  by  the  wash  test, 
have  been  rejected  for  use  with  SC-2  but,  in  some  cases,  have  been  used 
with  MC-2. 

The  trend  in  Washington  has  been  toward  the  use  of  MC-2  in  place 
of  SC-2  in  light  surface  treatments  and  road  mixes.  It  seems  probable, 
more  or  less  in  retrospect,  that  among  factors  that  have  led  to  this  change 
in  type  of  oil,  the  ability  of  MC-2  to  remain  as  a satisfactory  coating  on 
mediocre  aggregates  must  have  been  of  major  influence. 

LITERATURE  CITED 

1.  McLeod,  Norman  W.,  Proceedings  of  the  Association  of  Asphalt 
Paving  Technologists  9,  p.  1,  (December  6 and  8,  1937). 

2.  Winterkorn,  Hans  F.,  Eckert,  G.  W.  and  Shipley,  E.  B.,  Ibid  p. 
63,  (1937). 

3.  Patek,  John  M.,  Trans.  A.  I.  M.  E.  Rocky  Mountain  Fund  Volume 
on  Milling  Methods  112,  546,  (1934). 

4.  Saville,  V.  B.,  and  Axon,  E.  O.,  Proceedings'  of  the  Association 
of  Asphalt  Paving  Technologists  9,  p.  86,  (December  6 and  8, 
1937). 


—109— 


5.  Wark,  1.  W.,  and  Cox,  A.  B.,  Trans.  A.  I.  M.  E.  112,  Rocky  Moun- 
tain Fund  Volume  on  Milling  Methods,  p.  189,  (1934). 

6.  Traube,  I.,  Trans.  Faraday  Soc.  31,  1730-9  (1935). 

7.  Bartsch,  0.,  Kolloid-Z  38,  p.  321,  (1926). 

8.  Nicholson,  Victor,  Proceedings  of  the  Association  of  Asphalt  Pav- 
ing Technologists  3,  p.  28,  (January  14,  1932). 

9.  Hofman,  Ulrich;  Endell,  Kurd,  and  Wilm,  Diederich,  Z.  Krist.  86, 
340-8,  (1933)  C.  A.  28,  2237,  (1938). 

10.  Endell,  K.,  Hofman,  U.,  and  Wilm,  D.,  Ber.  duet,  keram.  Ges.  14, 
407-38,  (1933),  C.  A.  28,  3854,  (1934). 

11.  Marshall,  C.  E.,  Trans.  Ceram.  Soc.  35,  401-40  (1936),  C.  A.  31, 
3224,  (1937). 

12.  Correns,  Carl  W.,  and  Mehmel,  M.,  Z.  Krist.  94,  337-47,  (1936),  C.  A. 
30,  8084,  (1936). 

13.  Voigt,  Adolf  Fettchem.  Umschau  43,  49-52  (1936),  C.  A.  30, 
6515,  (1936). 

14.  Meyer,  W.  W.,  U.  S.  Dept,  of  Commerce — Bureau  of  Standards 
Research  Paper  RP706. 

15.  Roberts,  Elliot  J.,  Trans.  A.  I.  M.  E.  112,  Rocky  Mountain  Fund 
Volume  on  Milling  Methods,  (1934). 

16.  Nod,  W.,  Chem.  Erde  11,  294-306  (1937),  C.  A.  31,  7365,  (1937). 

17.  Roehrich,  Victor  H.,  Proceedings  of  the  Association  of  Asphalt 
Paving  Technologists  1,  19,  December  5,  1928). 


-110- 


Loss  »N  Wash  fesT-Pe^ceNT. 


I 


Fig.£.  R spR&ssysrTAT i v&  Wash  Tests  , Various  Aggregates. 


Ill  — 


STATE  OF  WASHINGTON 


DEPARTMENT  OF  HIGHWAYS 
OLYMPIA,  WASHINGTON 
August,  1938 

TENTATIVE  METHOD  OF  CONDUCTING  THE  WASH  TEST  OF 
BITUMINOUS  MIXTURES 
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Description  of  Test 

The  wash  test  (Note  1)  consists  essentially  in  determining  the  pro- 
portion of  aggregate  in  a bituminous  mixture  from  which  the  coating  is 
“stripped”  during  agitation  with  water  under  controlled  conditions.  Quanti- 
tative determination  of  the  percentage  of  “stripped”  particles  is  made 
on  the  portion  of  the  aggregate  finer  than  the  No.  100  sieve.  When  this 
mixture  is  washed  through  a No.  100  sieve,  fine  particles  from  which 
the  coating  has  been  “stripped”  pass  through  readily,  while  those  on 
which  the  coating  has  been  unchanged  are  retained.  (Note  2) 

Uses  for  the  Test 

The  test  may  be  applied  either  as  a measure  of  the  adhesive  charac- 
teristics of  the  aggregate  or  of  the  bituminous  material.  When  making 
tests  of  the  aggregate,  it  is  suggested  that  asphaltic  road  material,  SC-2 
be  used  and  that  a large  sample  be  reserved  as  a standard  for  this  pur- 
pose. When  testing  bituminous  materials,  a standard  sample  should  be 
prepared  from  aggregates  upon  which  coatings  are  rather  readily  “stripped.” 

Grading  of  Aggregate 

The  aggregate  to  be  tested  is  screened  and  recombined  to  the  follow- 
ing grading  (Note  3)  : 
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4 

sieve 

10 

10 

Passing 

No. 

4 

sieve,  Retained 

on 

No. 

10 

sieve 

25 

35 

Passing 

No. 

10 

sieve.,  Retained 

on 

No. 

40 

sieve 

35 

70 

Passing 

No. 

40 

sieve,  Retained 

on 

No. 

80 

sieve 

12 

82 

Passing 

No. 

80 

sieve,  Retained 

on 

No. 

100 

sieve 

0 

82 

Passing 

No. 

100 

sieve,  Retained 

on 

No. 

200 

sieve 

6 

88 

Passing 

No. 

200 

sieve, 

12 

100 

Coarse 

aggregate  is  crushed  and 

pulverized  to 

obtain 

fractions 

give  the  above  grading. 

Mixing  Process 

A sample  (Note  4)  of  the  graded  aggregate  is  warmed  in  an  oven  for 
six  hours  or  more  at  a temperature  of  130°  to  140°  F.  (Note  5).  Mixing 
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with  the  bituminous  material  is  started  immediately  after  removal  from 
the  oven.  The  bituminous  material  is  also  warmed  to  a temperature  of 
approximately  140°  F.  previous  to  mixing.  Materials  that  are  too  viscous  for 
mixing  with  the  aggregate  at  this  temperature  are  cut  back  with  naphtha 
or  kerosene.  (Note  6). 

The  warmed  aggregate  is  placed  in  an  earthenware  bowl  or  porcelain 
mortar  (Note  7)  and  the  bituminous  material  is  added  in  a quantity  to 
result  in  a mixture  of  medium  richness.  (Note  8).  The  mixture  is  stirred 
and  rubbed  vigorously  with  a large  spoon  until  all  particles  of  the  ag- 
gregate appear  to  be  coated  uniformly. 

Preparation  of  Samples  for  Water  “Stripping” 

Two  or  more  fifty  gram  samples  are  carefully  selected  from  the 
mixture,  (Note  9)  according  to  the  number  of  curing  periods  to  be  studied, 
and  are  placed  in  6 ounce  ointment  cans  (open).  (Note  10).  The  sample 
for  immediate  testing  (0  hour)  in  its  container,  is  floated  on  the  surface 
of  a 77°  F.  water  bath  for  about  5 minutes  to  insure  cooling  to  that  tem- 
perature. It  is  then  transferred  to  a 250  ml.  Erlenmeyer  flask  and  100 
ml.  of  distilled  water  at  77°  F.  is  added  and  the  flask  given  a few  brisk 
shakes. 

This  is  to  break  up  any  large  agglomerations  of  mixture.  The  flask 
is  attached  in  a vertical  position  by  means  of  a burette  clamp,  to  the 
oscillating  post  of  a Ro-Tap  sieve  shaker  and  it  is  agitated  for  a 10- 
minute  period  at  280-300  revolutions  per  minute. 

Separation  of  Uncoated  Fines 

At  the  conclusion  of  the  shaking  period  the  contents  are  washed 
through  clean  No.  40  and  No.  100  sieves  (nested  together  loosely  to  al- 
low air  to  escape  as  water  flows  through)  by  means  of  a fine  spray 
of  water,  and  the  No.  100-minus  solids  are  caught  in  the  sieve  pan.  (Notes 
11  and  12).  The  wash  water  and  suspended  matter  are  transferred  to  a 
1-liter  beaker.  The  heavier  solids  adhering  to  the  pan  are  transferred  with 
the  aid  of  a jet  of  water  from  a wash  bottle.  A second  washing  is  made, 
after  which  the  water,  this  time  containing  no  suspended  matter,  is 
decanted  off,  and  the  heavier  sand  particles  transferred  as  before.  A 
third  washing  is  made  of  the  material  retained  on  the  No.  100  sieve.  The 
whole  washing  and  transferring  procedure  will  require  approximately  7 tc 
10  minutes.  (Note  13). 

Flocculation  of  the  Suspended  Solids 

From  15  to  30  ml.  of  a 10%  sodium  hydroxide  solution  is  now  added 
to  the  contents  of  the  beaker  in  order  to  flocculate  the  suspended  matter. 
It  has  been  found  that  15  ml.  usually  is  sufficient,  but  occasionally  as 
much  as  30  ml.  is  necessary  to  obtain  a complete  settlement  within  4 
hours.  In  place  of  sodium  hydroxide,  a few  ml.  of  a saturated  calcium 
chloride  solution  is  effective  in  causing  complete  settlement  within  24 
hours. 

Filtration  of  Flocculated  Solids 

After  settling,  a large  portion  of  the  clear  water  is  decanted,  or, 
preferably,  syphoned  off.  To  the  remaining  50-100  ml.  containing  the 
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flocculated  solids,  2 or  3 grams  (weighed  to  +0.005  g.)  of  filter  aid  is 
added.  The  mixture  is  filtered  through  a tared  gooch  crucible  containing  a 
thin  asbestos  mat.  A small  portion  of  the  filter  aid  may  be  placed  in  the 
crucible  and  washed  through  to  form  a layer  above  the  asbestos  mat.  The 
filtered  solids  are  dehydrated  with  about  25  ml.  of  acetone,  and  then  washed 
with  tri-chlorethylene,  benzene,  or  other  solvent  to  remove  adhering  bitumen. 

Calculations 

The  crucible  and  contents  are  then  dried  to  constant  weight  in  an 
oven  at  105°  C.  The  weight  of  material  so  recovered  is  expressed  as  a 
percentage  of  the  weight  of  aggregate  finer  than  the  No.  100  sieve  in  the 
original  50  gram  sample,  and  is  designated  as  the  “Loss  in  the  Wash 
Test.” 

A 

% Loss  in  the  Wash  Test  = — X 100 

B 

Where  A = increase  in  weight  of  the  gooch  crucible,  less  the  weight  of 
the  filter  aid  added. 

B = weight  of  aggregate  finer  than  the  No.  100  sieve  in  the  original 
sample  of  mixture,  or 

B = 0.18  X 50 

% oil 

1 + 

100 

NOTES 

1.  This  test  is  a modification  of  a method  described  by  A.  W.  Dow 
in  his  paper,  “The  Wash  Test  in  Differentiating  Between  Aggregates  for 
Colprovia  Paving  Mixtures,”  Proceedings  of  the  Association  of  Asphalt 
Paving  Technologists,  (1936). 

2.  The  term  “stripping”  is  used  to  describe  two  phenomena,  one  of 
which  is  the  alteration  of  the  oil  film  to  a “dead,”  undesirable  form 
which  reduces  or  destroys  the  coherence  of  the  mixture.  The  other  consists 
of  the  actual  removal  of  variable  portions,  but  not  all,  of  the  oil  film  from 
the  aggregate  surface.  Although  the  degree  of  “stripping”  is  measured 
in  the  fractions  finer  than  the  No.  100  sieve  only,  there  is  often  substantial 
evidence  that  coarser  particles  have  been  affected  similarly. 

o.  Aggregate  graded  up  to  ++  is  used  to  provide  a mixture  that 
approaches  mixtures  used  in  practice  more  nearly  than  would  be  obtained 
with  finer  aggregate.  The  presence  of  the  coarser  particles  facilitates 
mixing  and  assists  in  breaking  up  agglomerations  of  mixture  during 
agitation  in  water.  Aggregate  passing  the  No.  80  sieve  and  retained  on 
the  No.  100  sieve  is  omitted  to  facilitate  a cleaner  separation  on  the  No. 
100  sieve  in  the  test.  The  percentage  of  aggregate  finer  than  the  No.  100 
sieve  should  be  determined  by  wet  sieving. 

4.  The  sample  of  aggregate  used  should  weigh  not  less  than  500  grams. 
If  it  is  desired  to  make  a swell  test  of  the  same  mixture,  1,000  grams 
of  aggregate  should  be  used. 
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5.  Hygroscopic  moisture  has  a pronounced  effect  on  the  degree  to 
which  aggregates  are  “stripped”  of  their  coatings.  Warming  to  higher 
temperatures  may  cause  a marked  increase  in  adhesion.  Shorter  periods 
of  heating  at  140°  F.  may  result  in  less  adhesion. 

6.  While  products  as  heavy  as  RC-4  can  he  mixed  with  considerable 
effort,  the  heavier  products  can  be  used  more  conveniently  if  cut  back  to 
a viscosity  of  about  400  seconds  Saybolt  Furol  at  140°  F.  When  testing 
cutback  products,  the  procedure  used  to  permit  evaporation  of  the  solvent 
should  be  standardized,  since  bituminous  mixtures  become  more  resistant 
to  “stripping”  as  curing  continues  and  the  rate  of  change  is  accelerated 
with  increase  in  temperature.  If  the  materials  under  test  are  to  be  used 
in  a hot  plant  mix,  temperatures  of  warming  should  be  increased  ac- 
cordingly. 

An  increase  in  the  severity  of  the  test  for  heavier  products  can  be 
brought  about  by  soaking  the  mixture  in  water  a definite  length  of  time 
before  agitation. 

7.  A mixing  container  of  low  heat  conductivity  should  be  used  to 
conserve  the  warmth  of  the  materials  until  mixing  is  completed.  This  can 
be  aided  further  by  warming  the  earthenware  bowl,  or  procelain  mortar, 
in  the  140°  F.  oven  previous  to  mixing. 

8.  Average  aggregates  (Sp.  Gr.  2.65)  require  about  5.3%  of  bitumi- 
nous material  by  weight  of  the  untreated  aggregate. 

9.  Selection  of  a representative  sample  is  facilitated  by  screening  the 
mixture  roughly  through  a No.  10  sieve  and  using  proportional  parts 
of  the  two  fractions. 

10.  The  sample  for  immediate  testing  (0  hour)  is  weighed  out  first, 
others  are  then  weighed  and  placed  in  the  140°  F.  oven,  and  the  time 
noted.  These  samples,  after  having  been  cured  definite  time  intervals  (4 
hours  is  found  to  be  convenient  and  occasionally  24  hours  also,  in  ex- 
treme cases)  are  cooled  for  20  minutes  in  the  same  manner  as  was  the 
0 hour  test,  before  shaking  with  distilled  water. 

11.  The  spray  nozzle  used  in  connection  with  the  determination  of 
specific  surface  of  cement  by  the  Wagner  Turbidimeter  is  convenient  for 
washing  the  oil  mixture. 

12.  It  is  important  that  the  sieves  be  free  from  oily  films  which 
would  prevent  water  from  passing  through  readily.  The  sieves  may  be 
cleaned  by  washing  first  with  solvent,  then  with  a nearly  boiling  concen- 
trated solution  of  tri-sodium  phosphate,  and  then  rinsing  with  water. 

13.  In  most  instances  a total  of  800  to  900  ml.  of  water  will  be 
collected.  If  the  amount  of  “stripped”  particles  is  exceptionally  large 
more  wash  water  will  be  required. 

14.  When  the  water  is  syphoned  off,  the  beaker  walls  should  be  washed 
down  with  water  immediately  to  prevent  the  retention  there  of  any 
particles  upon  drying. 

Without  the  use  of  filter  aid  the  filtration  may  consume  a long  period 
of  time,  especially  in  the  case  of  large  amount  of  “stripped”  fines. 
The  filter  aid  so  far  used  in  this  laboratory  has  been  “Speed  Plus” 
(The  Dicalite  Company)  which  has  proved  to  be  very  satisfactory.  Mixing 
of  the  filter  aid  and  solids,  which  is  essential,  is  accomplished  by  a jet 
of  water  from  a wash  bottle. 
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A Critical  Discussion  of  the  Present  Status  of  Soil 
Mechanics  as  Related  to  the  Successful  Performance 
of  Bituminous  Surfaces 

DEVELOPMENTS  IN  SOIL  MECHANICS  AS  RELATED  TO  DESIGN 
AND  CONSTRUCTION  OF  BITUMINOUS  SURFACES 

By 

PROF.  W.  S.  HOUSEL.  Research  Consultant 
Michigan  Highway  Department 

The  past  ten  or  fifteen  years  has  seen 
a remarkable  development  in  a somewhat 
new  field  of  engineering  that  has  become 
generally  known  as  soil  mechanics.  Many 
of  the  older  engineers  and  road  builders 
frequently  point  out  that  what  is  called 
soil  mechanics  today  is  not  new  but  has 
been  practiced  since  engineers  first  built 
roads,  or  structures,  or  anything  which  in- 
evitably encountered  soil  as  one  of  the 
materials  to  be  controlled.  In  one  sense  it  is 
true  that  there  is  nothing  new  about  soil 
mechanics  for  it  is  a fact  the  problems  that 
are  the  subject  of  so  much  interest  today 
are  the  same  old  problems.  However,  it 
must  be  admitted  that  the  method  of  at- 
tacking these  problems  certainly  has 
changed  radically  and  appears  to  be  pro- 
ducing results  which  are  much  more  satis- 
factory. 

Progressive  thinkers  in  this  field  are  no  longer  satisfied  with  the 
old  empirical  methods  and  are  not  content  to  make  their  decisions  purely 
on  an  individual  s personal  judgment,  even  though  that  judgment  may 
have  served  its  purpose  very  well  in  the  light  of  generally  inadequate 
knowledge  of  the  subject.  Fundamental  research  and  the  desire  of  an 
ever  increasing  number  of  engineers  for  more  positive  criteria  to  regulate 
the  use  of  soil  is  not  to  be  denied  and  should  not  be  resisted  by  those  who 
are  not  in  a position  to  take  part  in  or  even  follow  the  present  develop- 
ment. 

At  the  same  time  it  must  be  admitted  that  4 ‘all  is  not  gold  that 
glitters”  and  there  probably  are  a number  of  developments  which  are  now 
regarded  as  important  contributions  that  will  not  stand  .the  test  of  further 
investigation  and  trial  in  actual  practice.  In  this  respect,  however,  the 
development  of  modern  soil  mechanics  is  no  different  than  any  other 
concerted  effort  which  finally  results  in  a definite  accomplishment. 
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While  it  is  perhaps  too  early  to  evaluate  some  methods  and  principles 
that  are  so  new  that  they  have  hardly  been  put  into  practice,  it  may 
be  beneficial  to  at  least  consider  those  problems  in  bituminous  construc- 
tion which  may  have  profited  from  soil  mechanics  research. 

A bituminous  surface  may  be  described  in  simplest  terms  as  a struc- 
tural element  or  slab  resting  on  a soil  foundation.  Both  of  these  component 
parts  of  the  road  have  been  subjected  to  intensive  study  originating  to 
some  extent  from  research  in  soil  mechanics,  because  investigators  in  this 
field  have  been  forced  to  consider  all  conditions  associated  with  soil  ma- 
terials in  order  to  describe  their  behavior  in  terms  of  fundamental  physical 
properties. 

Thus  investigators  in  soil  mechanics  have  been  led  into  a study  of 
the  characteristics  of  the  loads  applied  to  such  surfaces,  the  design  of 
granular  mixtures,  and  the  effect  of  various  cohesive  agents  in  order  te 
evalute  the  physical  properties  of  these  mixtures  which  control  the  struc- 
tural behavior  of  the  surface  slab.  Also  the  foundation  on  which  the  slab 
rests  gives  rise  to  a number  of  problems  which  are  more  specifically  soil 
mechanics.  Bearing  capacity  of  both  cohesive  and  granular  subgrades  have 
required  extensive  investigation.  In  fine  textured  soils  moisture  changes 
which  upset  the  equilibrium  of  the  soil-water  system  resulting  in  ex- 
cessive volume  changes  and  loss  of  stability  have  led  into  the  province 
of  soil  physics.  Frost  action  and  the  spring  breakup  have  required  special 
study  in  some  parts  of  the  country,  and  in  all  cases  drainage  and  methods 
of  preventing  movement  of  capillary  moisture  have  appeared  as  matters  of 
primary  importance. 

It  may  now  be  of  some  value  to  review  such  accomplisments  as 
have  been  realized  and  to  call  attention  to  those  problems  on  which  in- 
vestigators may  concentrate  in  order  to  produce  results  of  most  immediate 
benefit.  Problems  which  have  to  do  with  the  subgrade  soil  or  founda- 
tion of  the  road  surface  will  first  be  considered. 

Knowledge  of  those  soil  characteristics  which  portray  the  equilibrium 
of  the  soil-water  system  is  in  a well  advanced  stage.  These  problems  were 
among  the  first  to  be  undertaken.  Led  by  the  Bureau  of  Public  Roads 
a number  of  investigators  have  made  important  contributions  including 
the  early  work  of  Eno,12  the  investigations  of  Terzaghi,3  Hogentogler  and 
his  associates,  4 5 and  the  study  of  frost  phenomena  by  Taber,0  Burton, 
Benkelman  and  Olmstead.8 

Tests  which  evaluate  the  moisture  holding  capacity  of  soils  have 
become  more  or  less  routine  and  include  the  Atterberg  limits,  more  com- 
monly known  as  the  liquid  limit,  plastic  limit,  and  plasticity  index.  Volume 
changes,  due  to  varying  moisture  content,  may  be  accurately  evaluated 
by  shrinkage  factors  such  as  the  shrinkage  limit,  shrinkage  ratio,  lineal 
shrinkage  and  expansion,  and  /olumetric  change. 

Frost  phenomena  may  also  be  placed  among  those  problems  quite 
completely  understood  although  remedies  are  still  open  to  development. 
Whether  one  leans  toward  Benkelman  and  Olmstead’s  mechanism  of  a 
fluctuating  frost  line  or  Taber’s  constant  frost  line  theory  will  determine 
the  type  and  extent  of  corrective  measures  to  be  adopted.  Both  theories 
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lead  to  the  conclusion  that  the  intermediate  silt  textures  with  the  detri- 
mental combination  of  high  capillarity  and  high  permeability  should  be  I 
removed  from  the  subgrade  within  depths  of  frost  penetration.  These  1 
textures  cannot  be  drained  under  ordinary  conditions  and  are  the  mostj 
serious  source  of  frost  heaving  and  subsequent  spring  breakup.  The  theoriesl 
differ  in  their  treatment  of  drainable  soils  of  coarse  texture,  Taber  hold-': 
ing  that  frost  heaving  should  not  occur  in  sands  and  gravel,  while  Benkel- 
man  and  Olmstead  demonstrate  conditions  under  which  these  soils  do  heave.] 
The  latter  would,  therefore,  require  much  more  attention  to  lowering  thej 
water  table  below  frost  penetration  in  the  coarser  soils,  particularly  in 
pockets  and  non-uniform  subgrades. 

The  behavior  of  capillary  water  in  clay  subgrades  which  introduces 
serious  limitations  on  the  performance  of  bituminous  surfaces  has  been 
the  subject  of  much  investigation  but  the  present  status  of  our  know- 
ledge  is  far  from  satisfactory.  The  closely  related  properties  of  capillarity 1 
and  permeability  have  not  yet  been  logically  correlated  and  the  extent 
to  which  improvement  can  be  effected  by  lowering  the  water  table  has 
not  been  definitely  established.  It  is  well  known  that  moisture  holding 
capacity  changes  considerably  with  the  temperature,  and  Eno  has  meas- 
ured the  yearly  cycle  of  moisture  concentration  in  the  subgrade  in  several 
instances.  These  scanty  data  only  scratch  the  surface  and  similar  informa- 
tion on  all  of  the  various  soil  types  is  an  outstanding  gap  in  our  know- 
ledge of  subgrades.  The  importance  of  this  factor  can  be  appreciated  when 
it  is  pointed  out  that  moisture  concentration  in  surface  soils  is  the 
source  of  volumetric  change  and  decreased  bearing  capacity  of  the  subgrade 
even  though  frost  action  may  not  have  been  present  to  any  degree. 

This  leads  to  a discussion  of  subgrade  bearing  capacity  which  is  one 
of  the  most  important  of  the  present-day  problems  in  soil  mechanics.  In  a 
discussion  of  soil  bearing  capacity  it  is  necessary  to  subdivide  soils  into 
two  mam  types,  granular  and  cohesive,  as  the  essential  factors  of  soil 
resistance  are  radically  different  in  each  case.  In  both  cases  methods  of 
measurement  have  been  developed  and  conceptions  of  behavior  formulated. 
However,  there  are  conflicting  viewpoints  on  both  theory  and  methods 
of  measurement  and  only  time  and  the  analysis  of  experience  under 
practical  conditions  will  determine  which  views  will  prevail. 

There  have  been  two  schools  of  thought  on  bearing  capacity  of  co- 
hesive material.  One  group  holds  that  bearing  capacity  is  controlled  by 
shearing  resistance  of  the  soil  and  failure  takes  place  due  to  plastic  flow 
or  lateral  displacement  when  the  yield  value  of  the  soil  is  exceeded  by  a 
load  application.  It  is  recognized  that  consolidation  of  the  soil  for  any 
given  load  is  inevitable  but  may  be  accomplished  by  preliminary  con- 
solidation of  the  subgrade  or,  in  many  cases,  may  be  allowed  to  take 
place  after  the  road  is  put  in  service.  In  the  case  of  poorly  consolidated 
and  non-uniform  materials  settlement  due  to  consolidation  may  be  the 
limiting  factor,  but  in  any  event  conditions  of  equilibrium  may  be  achieved 
without  continuous  progressive  settlement.  However,  if  the  yield  value 
of  the  soil  in  shear  is  exceeded  plastic  flow  and  continuous  deformation 
leading  to  ultimate  destruction  of  the  surface  may  be  anticipated.  The 
writer  definitely  subscribes  to  this  viewpoint  and,  in  fact,  has  accepted 
it  as  the  controlling  consideration  in  his  own  studies  of  bearing  capacity.9 
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The  other  approach  to  the  problem  under  discussion  has  in  the 
past  emphasized  consolidation  to  the  exclusion  of  failure  in  shear,  holding 
that  the  shearing  stresses  sufficient  to  produce  rupture  of  the  soil  struc- 
ture are  out  of  the  range  of  ordinary  practice  and  ignoring  plastic  flow 
which  may  occur  at  much  lower  values  of  stress.10  While  this  extreme 
position  has  been  gradually  abandoned  in  the  past  few  years,  the  pro- 
ponents of  the  consolidation  theory  are  inclined  to  question  whether 
plastic  soils  have  a definite  static  shearing  resistance  and  they  point  to 
the  rather  unsatisfactory  status  of  shear  tests  to  uphold  their  views. 

That  there  are  no  generally  accepted  procedures  for  measuring  shear- 
ing resistance  of  cohesive  soils  must  be  admitted,  but  at  least  some 
methods  have  been  developed  and  used  in  practical  application  with 
definitely  satisfactory  results.  Various  shear  testing  procedures  are  now 
the  subject  of  a comprehensive  study  by  the  committee  on  soil  tests  of 
the  American  Society  for  Testing  Materials  under  the  chairmanship  of 
Professor  Converse  of  the  California  Institute  of  Technology.  This  in- 
vestigation has  been  extended  to  some  twenty  soil  mechanics  laboratories 
in  the  country  and  should  do  much  to  standardize  shear  test  methods. 
The  writer’s  own  experience  with  a field  penetration  method,  which  has 
been  correlated  with  laboratory  shear  tests  and  load  bearing  tests  in  the 
field,  leads  him  to  take  an  optimistic  view  toward  this  problem.  These 
studies,  extending  over  a period  of  more  than  ten  years,  have  included 
the  use  of  shear  test  results  in  the  design  of  substructures  in  a number 
of  instances,  with  results  that  justify  confidence  in  the  ultimate  solution 
of  this  problem. 

As  has  been  indicated,  the  bearing  capacity  of  granular  materials 
is  a different  problem  and  methods  of  testing  and  fundamental  concep- 
tions of  resistance  have  been  formulated  which  again  have  led  to  con- 
flicting viewpoints.  Whether  or  not  supporting  capacity  is  a function  of 
internal  friction,  as  held  in  the  long  accepted  conventional  theories,  or 
is  simply  internal  stability  due  to  arching  action  or  mutual  support 
of  adjacent  particles  in  the  mass  is  a matter  of  current  debate.  That 
internal  friction  cannot  suppply  a positive  criterion  of  failure  has  been 
pointed  out  by  the  writer  in  a report  covering  the  results  of  several  years 
of  fundamental  research  conducted  by  the  Michigan  State  Highway  De- 
partment and  the  University  of  Michigan.12  Naturally  then  the  choice 
between  the  two  theories  has  been  made  as  far  as  he  is  concerned  ana 
will  be  maintained  unless  evidence  to  the  contrary  can  be  produced.  The 
latter  viewpoint  is  not  generally  accepted  and  only  continued  trial  will 
determine  its  more  general  acceptance  in  the  utilization  of  granular  ma- 
terials and  mixtures. 

The  tests  which  appear  to  be  essential  in  evaluating  the  properties 
of  granular  material  are  the  stabilometer  test  and  a test  to  measure 
resistance  to  shearing  displacement.  The  stabilometer  test  first  developed 
in  this  country  was  that  of  Stanton  and  Hveem  of  the  California  State 
Highway  Department  and  has  been  adopted  by  others,  including  the 
writer,  with  the  introduction  of  one  change,  that  of  testing  to  failure  under 
a constant  lateral  pressure.  In  this  form  the  stabilometer  test  is  no  different 
than  the  triaxial  compression  test  now  being  used  in  a number  of  labora- 
tories. It  measures  directly  the  relationship  between  supporting  capacity 
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of  an  element  of  mass  and  the  lateral  support  furnished  to  the  element.  : 
Regardless  of  whether  this  relationship  is  formulated  in  terms  of  internal 
friction  or  independent  of  it,  the  test  will  in  all  probability  remain  as  one  ; 
of  the  standard  routine  procedures. 

Even  if  shearing  resistance  is  not  a controlling  factor  in  internal 
stability  of  a granular  mass,  it  is  an  essential  element  in  ability  of  a granu- 
lar mass  or  a bituminous  surface  to  distribute  vertical  load.  In  the  surface 
it  appears  more  accurate  to  designate  the  action  as  punching  shear,  i 
Tests  now  developed  or  in  the  process  of  development  include  the  shear 
box  with  a single  shearing  plane  developed  at  Harvard  and  M.I.T.14  j 
and  a transverse  shear  test  cylinder  with  a double  shear  plane,  used  . 
by  Berry15  for  fine  sands  in  the  early  tests  at  Michigan.  Both  of  these  1 
testing  devices  provide  for  the  application  of  normal  load.  Powers16  of 
the  Arizona  State  Highway  Department  developed  one  for  granular  mix- 
tures containing  coarse  aggregate  which  appears  to  be  best  adapted  for 
ordinary  mixtures.  Skidmore17  some  years  ago  also  used  a double  plane 
shear  test  for  bituminous  mixtures. 

There  appears  to  be  a general  recognition  of  the  necessity  of  a stand- 
ardized shear  test  on  granular  materials  to  supplement  the  stabilometer 
test,  even  though  the  information  may  be  used  in  different  connections 
when  applied  practically.  The  shearing  resistance  of  granular  materials 
is  also  included  in  the  work  of  the  A.S.T.M.  committee  and  the  results 
of  their  study  should  assist  in  standardization  as  present  data  on  actual 
mixture  is  scanty  indeed.  Skidmore  has  given  the  results  of  a study  of 
sheet  asphalt  mixtures,  but  aside  from  this  there  has  been  reported  prac- 
tically nothing  which  would  establish  shearing  resistance  values  for  use 
in  design  in  connection  with  gravel  base  courses  or  other  types  of  bitumi- 
nous surfaces.  It  would  appear  that  this  property  is  one  of  the  essential 
factors  in  the  rational  design  of  such  surfaces  and  the  lack  of  reliable 
design  data  or  uniform  test  procedure  should  be  corrected  as  soon  as  pos- 
sible. 

There  are  several  recent  developments  in  testing  technique  which 
have  not  received  the  attention  they  deserve,  although  the  pioneering 
work  has  been  done.  Reference  is  made  to  the  well-recognized  necessity 
for  evaluating  the  effect  of  rate  of  loading  and  dimensions  of  the  speci- 
men in  measuring  the  strength  of  any  material.  Vokac18  has  made  im- 
portant contributions  in  this  connection  in  the  compression  testing  of 
asphalt  mixtures.  His  methods  proposed  for  evaluating  both  time  effects 
and  dimensional  effects  have  been  simplified  to  the  point  of  being  readily 
adaptable  to  routine  testing.  At  the  same  time,  this  work  brings  out 
the  necessity  of  testing  identical  samples  at  several  rates  of  loading  for 
each  of  several  specimens  with  varying  dimensions.  As  a result  it  is 
now  recognized  that  reliable  results  from  routine  testing  require  the 
preparation  of  a larger  number  of  identical  specimens  which  in  turn 
necessitates  more  accurate  control  of  proportioning,  mixing,  and  com- 
pacting. These  requirements  are  being  recognized  and,  to  the  writer’s 
knowledge,  several  laboratories  are  being  equipped  with  most  adequate 
devices  for  preparation  of  samples  and  accurate  control  of  the  variables 
mentioned  above.  At  first  thought  the  larger  number  of  tests  required 
may  seem  forbidding,  but  testing  apparatus  with  automatic  control  of 
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rate  of  load  and  automatic  recording  devices  are  now  available  and 
eliminate  much  laborious  detail  to  compensate  for  the  more  rigorous  re- 
quirements of  testing  procedure. 

The  various  developments  in  soil  mechanics  which  have  been  made  by 
the  concentrated  study  of  a number  of  specific  problems  have  finally 
been  coordinated  and  combined  in  general  methods  of  utilization  or  prac- 
tical application.  There  are  two  subjects  which  come  to  mind  in  which 
the  more  or  less  scattered  knowledge  of  soils  has  been  brought  together 
to  form  the  basis  of  generalization  which  has  particular  application  to 
bituminous  surfaces.  These  are  soil  classification  and  a general  design 
procedure  for  flexible  surfaces. 

Soil  classification  is  the  subject  of  a paper  submitted  to  this  con- 
ference by  0.  L.  Stokstad,  Soil  Engineer  for  the  Michigan  State  Highway 
Department,  and  need  not  be  discussed  here  beyond  pointing  out  soil 
classification  as  one  of  the  most  important  objectives  of  soil  mechanics 
in  highway  construction.  In  a review  of  the  present  status  of  the  field 
it  is  encouraging  to  note  that  a system  of  classification  which  has  accumu- 
lated a tremendous  volume  of  data  on  soils,  presented  in  the  form  of 
soil  nurvey  maps,  has  been  adapted  to  highway  design  and  construction. 
Further  than  that  it  has  been  found  to  be  a reliable  and  practicable  basis 
for  identifying  soil  types  and  evaluating  their  influence  to  the  point  of 
justifying  definite  subgrade  design  recommendations  which  has  unques- 
tionably raised  the  standard  of  construction. 

With  respect  to  the  rational  design  of  flexible  surfaces,  it  is  also 
encouraging  that  progress  in  research  has  progressed  to  the  point  where 
at  least  two  comprehensive  methods  of  design  have  been  proposed.  19That 
there  are  differences  in  these  methods  is  natural  as  their  authors  have 
selected  somewhat  different  variables  as  the  controlling  factors  in  the 
problem.  Their  practicability  depends  upon  whether  the  controlling  fac- 
tors may  be  reliably  evaluated  by  available  testing  methods  and  finally 
upon  whether  or  not  they  predict  behavior  under  actual  conditions  ac- 
curately. Both  methods  are  the  subject  of  a lively  interest  on  the  part 
of  highway  engineers  and  they  should  be  subjected  to  trial  under  prac- 
tical conditions  at  every  opportunity. 

For  this  purpose  the  Michigan  State  Highway  Department  conducted 
an  extensive  series  of  load  tests  on  a flexible  bituminous  surface  over 
both  clay  and  sand  subgrades.  It  is  hoped  that  this  investigation  may 
be  completed  within  a few  months  and  the  results  made  available  for 
early  publication.  The  analysis  of  field  tests  has  been  partially  com- 
pleted and  the  related  laboratory  tests  are  in  progress.  The  analysis  of  field 
tests  is  very  promising  and,  in  fact,  appears  to  show  a substantial  veri- 
fication of  the  formulae  proposed  for  design.  20Whether  the  laboratory  tests 
will  prove  reliable  as  a measure  of  the  resistance  developed  under  field 
conditions  is  yet  to  be  determined. 

In  conclusion  it  is  the  writer’s  opinion  that  the  present  status  of 
research  in  soil  mechanics  as  it  affects  bituminous  construction  is  indica- 
tive of  an  extremely  healthy  state  of  affairs.  While  there  are,  of  course, 
a number  of  important  problems  yet  to  be  mastered  there  is  a general 
recognition  of  the  knowledge  that  is  lacking  and  steps  are  being  taken 
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to  fill  in  the  gaps.  Most  if  not  all  state  highway  departments  and  other 
engineering  organizations  have  already  provided  themselves  with  personnel 
and  facilities  for  putting  into  practice  the  developments  of  soil  mechanics 
research.  Almost  without  exception  the  men  who  have  been  given  this 
task  are  joining  in  the  vigorous  pursuit  of  more  adequate  knowledge 
which  has  characterized  the  rapid  development  of  soil  mechanics,  and 
highway  engineers  may  look  forward  to  even  more  rapid  progress  in 
the  next  few  years  particularly  in  the  practical  applications  so  much 
neglected  in  the  past. 
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Progress  in  Research  on  the  Improvement  of  Soil 
Properties  by  the  Use  of  Chemical  Admixtures 

By 

DR.  HANS  F.  WINTERKORN,  Research  Engineer 
Missouri  State  Highway  Department 


A person  traveling  across  the  country 
by  cai;  or  by  railroad  can  observe  from 
his  window  distinct  changes  in  the  color 
of  the  plowed  or  uncovered  land  as  he 
passes.  If  he  is  going  straight  west  from 
the  central  part  of  the  east  coast,  the 
color  of  the  soil  will  change  in  succession 
from  reddish  yellow  to  grey-brown,  dark 
brown,  black,  and  back  to  brown  and 
grey-brown.  If  the  curiosity  of  the  trav- 
eler is  excited  sufficiently  to  stop  and 
examine  the  soil  more  closely,  he  will 
find  it  in  some  places  sandy  and  per- 
vious, in  others  fat  and  tight,  in  still 
others  loose  and  mealy;  some  soils  will 
appear  to  be  of  uniform  character,  others 
will  have  gravel  and  rock  fragments  all 
through  and  imbedded  in  a uniform  ap- 
pearing soil  matrix.  Anyone,  coming  into 
even  very  superficial  contact  with  soil,  like  our  traveler,  will  easily  con- 
vince himself  that  the  term  soil  comprises  a host  of  materials,  differing 
from  each  other  in  many  respects.  He  will  understand  that  a great  deal 
of  observation,  experimentation  and  coordination  is  necessary  to  gain  and 
systematize  the  knowledge  on  soil  properties,  which  is  necessary  for 
a scientific  attempt  to  improve  these  properties  by  chemical  means. 


The  study  of  soil  and  soil  properties  owes  its  start,  and  its  present 
status,  primarily  to  investigators  who  are  interested  in  widely  different 
uses  of  soils  and  who  have  been  applying  different  methods  in  the 

practical  and  scientific  attack  of  their  specific  problems.  The  farmer 
and  the  potter,  the  agronomist  and  the  pedologist,  the  mineralogist, 
the  crystallographer,  the  civil  engineer,  the  physicist,  the  chemist,  and 
members  of  other  professions,  have  contributed  to  the  spotted  map  of 

today’s  knowledge  on  soil  materials.  The  soil  scientist,  who  desires  to 

regulate  soil  properties  for  purposes  of  highway  construction,  has  to  draw 
from  all  sources  of  soil  knowledge  if  he  is  to  achieve  best  results. 

THE  VARIABILITY  OF  SOIL  COMPOSITION 

Soil  materials,  as  found  in  nature,  may  contain  a few,  or  all,  of 

the  materials  enumerated  in  the  following:  minerals,  organic  matter  in 
all  states  of  decomposition,  inorganic  and  organic  sols  and  gels,  elec- 

i 
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trolyte  solutions,  matter  in  the  gaseous  phase  and  water.  There  is  also 
an  infinite  number  of  possible  variations  in  quantity,  quality  and  state 
of  subdivision  of  these  components.  The  physical  and  chemical  character 
of  a specific  soil  depends  upon  the  properties  of  its  constituents,  but 
it  is  not  a simple  summarization  of  these  properties.  Even  if  all  of  the 
components  are  uniformly  dispersed  throughout  the  soil,  the  presence  of 
each  component  is  liable  to  influence  the  reaction  of  all  of  the  others. 
If  the  soil  possesses  a stable  secondary  structure,  the  properties  of  the 
components  are  often  greatly  overshadowed  by  the  structure.  In  other 
words,  the  properties  of  the  materials  responsible  for  this  structure  may 
greatly  outweigh  the  properties  of  the  other  constituents.  There  is  a 
difference  in  character  and  function  between  a pile  of  bricks,  lumber, 
and  tiles,  and  a building  constructed  thereof.  Similarly,  the  properties 
of  a soil  depend  upon  the  properties  of  its  constituents  and  also  upon 
their  structural  arrangement. 

DETERMINATION  OF  THE  SIZE  OF  SOIL  CONSTITUENTS 

The  type  and  extent  of  a chemical  reaction  between  two  substances 
usually  depends  not  only  upon  the  character,  but  also  on  the  concentra- 
tion of  these  substances  in  the  reaction  vessel.  In  soils,  reactions  are  gen- 
erally confined  to  the  surfaces  of  their  constituents.  Therefore,  the  amount 
of  such  surface  is  of  similar  importance  as  the  concentration  factor  in  liquid 
or  gaseous  systems.  Methods  are  available  for  determining  the  amount  of 
internal  surface  in  a soil  by  means  of  gas  adsorption.  The  method  gen- 
erally employed  in  highway  laboratories  is  an  indirect  one,  whereby  the 
amount  of  surface  in  a soil  is  calculated  from  the  size  of  its  constituents. 
For  the  determination  of  the  size  composition  of  a soil,  combined  sieve 
and  sedimentation  analysis  are  commonly  used.  The  evaluation  of  sedi- 
mentation experiments  is  based  on  Stokes’  law,  which  states : 

2 

V = — nr2  (d-di)  g,  where 

9 

Y — terminal  velocity 
n = viscosity  of  liquid 
r = radius  of  particle 
d = density  of  particle 
di  = density  of  liquid 

g = gravity  constant 

The  application  of  this  equation  to  the  measurement  of  the  size  of 
dispersed  particles  presupposes : 

(a)  complete  dispersion  by  the  action  of  the  dispersing  agent  and 
the  stirrer, 

(b)  spherical  particles, 

(c)  absence  of  any  appreciable  hydration. 

Since  the  cements  holding  the  individual  soil  particles  together  may 
be  of  widely  differing  chemical  character,  dispersion  by  a standard  pro- 
cedure, and  involving  a standard  chemical  as  dispersing  agent,  do  not 
always  give  the  same  completeness  of  dispersion  with  different  soils. 
Differences  in  the  ions  adsorbed  on  the  surface  of  soil  particles  may 
change  considerably  the  degree  of  dispersion,  as  measured  by  the  standard 
Bouyoucos  Test.  Data  concerning  this  effect  are  given  in  Table  1. 
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It  is  well  known  that  many  of  the  finer  soil  components  possess  plate- 
like shapes  but,  fortunately,  the  smaller  a suspended  particle,  the  less  in- 
fluence does  the  shape  exert  on  the  results  of  sedimentation  analysis. 


Of  important  interest  in  the  evaluation  of  the  sedimentation  analysis 
is  the  fact  that  most  of  the  finer  soil  particles  are  hydrated  to  a greater 
or  lesser  extent. 


If  the  particle  under  consideration  possesses  a hydration  hull  of  thick- 
ness R,  making  the  total  active  radius  r+R,  then,  under  the  assumption 
that  the  density  of  the  hull  is  practically  equal  to  that  of  the  liquid, 
we  obtain : 


r = 
r - 
r = 


§ n r2  (775)  (d-di)  g . If  with  Stokes'  Law: 


A 9 under  consideration  of  the  hydration  we  obtain; 

u 


fr|R 


as  true  radius . 


With  podsolic  clay  containing  Na  as  exchange  ion,  the 


ratio  R/r  is  often  larger  than  4.  Assuming  this  ratio  as  4,  the 
r 

actual  size  of  the  particle  is  twice  that  determined  by  the  application  of  the  ! 
simple  formula.  The  recognition  of  this  fact  does  not  decrease  the  practical 
value  of  the  standard  sedimentation  analysis.  The  data  obtained  there- 


TABLE  1 

Mechanical  Analysis  of  Soils  as  Affected  by  Exchange  Ions 


Soil 

Adsorbed 

Ion 

Coarse 

Sand 

Fine 

Sand 

Silt 

Clay 

Passing  No. 
Colloids  40  Sieve 

Cecil 

Natural 

1 

14 

9 

76 

62 

100 

99 

Na 

1 

12 

9 

78 

70 

100 

99 

Ca 

1 

13 

16 

70 

54 

100 

99 

K 

1 

13 

10 

76 

65 

100 

99 

H 

1 

12 

10 

77 

68 

100 

99 

Ba 

1 

13 

14 

72 

61 

100 

99 

Fe 

1 

12 

11 

76 

Floccul. 

100 

99 

A1 

1 

13 

14 

72 

” 

100 

•9 

Mg 

1 

13 

9 

77 

59 

100 

Hagerstown 

Natural 

3 

14 

50 

33 

15 

100 

99 

Na 

0 

13 

47 

40 

28 

100 

99 

Ca 

3 

14 

53 

30 

11 

100 

99 

K 

3 

15 

52 

30 

13 

100 

99 

H 

3 

13 

42 

42 

23 

100 

99 

Ba 

3 

14 

51 

32 

13 

100 

99 

Fe 

3 

15 

41 

41 

27 

100 

99 

A1 

0 

12 

45 

43 

29 

100 

99 

Mg 

0 

12 

57 

31 

30 

100 

Putnam 

Natural 

1 

11 

55 

33 

12 

100 

99 

Na 

1 

10 

42 

47 

30 

100 

99 

Ca 

1 

10 

59 

30 

13 

100 

99 

K 

1 

11 

58 

30 

12 

100 

99 

H 

0 

9 

60 

31 

18 

100 

99 

Ba 

0 

9 

65 

26 

15 

100 

99 

Fe 

0 

13 

52 

35 

25 

100 

99 

A1 

0 

11 

60 

29 

18 

100 

99 

Mg 

2 

10 

55 

33 

16 

100 

The  soils  were  prepared  by  percolation  with  agueous  chloride  solutions  of  the 
bases.  The  excess  salt  was  washed  out  with  distilled  water. 
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with  are  to  be  considered  as  measuring  to  a certain  extent  the  activity 
of  the  surface  of  the  soil  constituents.  As  such,  they  are  of  considerable 
importance.  This  example  shows  that  the  type  of  our  scientific  tools 
often  influences  the  results  obtained  therewith,  and  that  a critical  analysis 
of  these  tools  is  of  great  importance  if  one  wants  to  know  the  value 
and  meaning  of  the  results  obtained  with  their  help. 

FACTORS  AFFECTING-  THE  ACTIVITY  OF  MINERAL  SURFACES 

The  type  and  extent  of  a chemical  or  physico-chemical  reaction  de- 
pends upon  the  character  and  concentration  of  the  substances  entering 
this  reaction.  Soils  possessing  different  chemical  and  physical  characteristics 
on  account  of  difference  in  parent  material,  and  type  and  duration  of 
weathering,  will  also  vary  in  their  chemical  and  physical  reactions  with 
other  substances.  The  most  important  substances  with  which  the  soil 
particles  come  into  contact  and  reaction  are  water  and  electrolyte  solu- 
tions. According  to  what  has  been  stated  before,  the  relationship  of  soil 
to  water  is  governed  by  the  amount  and  chemical  character  of  the  internal 
surface  of  the  soil.  This  soil-water  relationship,  on  the  other  hand,  governs 
the  engineering  properties  of  soils,  such  as  the  water  permeability,  swelling, 
shrinkage,  consistency  change  with  varying  moisture  content,  and  cohesive 
and  adhesive  properties. 

The  soil  constituents  contributing  most  to  the  amount  of  internal  surface 
in  a soil  are  those  of  the  clay  and  colloidal  size.  Therefore,  it  is  important 
that  their  chemical  character  be  known.  This  chemical  character  is  usually 
expressed  by  the  ratio  of  silica  content  to  the  content  of  sesquioxides 
of  iron  and  aluminum,  and  also  by  the  type  and  amount  of  exchangable 
cations  in  the  exchange  complex;  an  increase  in  cation  adsorption  capacity 
and  also  in  water  affinity  goes  hand  in  hand  with  increasing  silica  con- 
tent. But  there  does  not  exist  a proportionality  between  the  silica  content 
and  the  exchange  capacity.  The  reason  why  silicon  hydroxides  tend  to 
release  the  hydrogen  ion  rather  easily  (and  consequently  exhibit  cation 
exchange  capacity)  and  the  iron  and  aluminum  hydroxides  rather  release 
the  hydroxyl  ion  (resulting  in  anion  exchange  capacity),  has  been  ex- 
plained twenty  years  ago  by  Kossel  by  means  of  electrostatic  considera- 
tions. The  reason  why  the  cation  exchange  capacity  is  not  proportional 
to  the  silica  content  is  the  fact  that  the  silica  is  not  uniformly  distributed 
throughout  the  clay  and  colloidal  particles,  but  that  these  particles  repre- 
sent layer  lattices  with  some  of  the  layers  richer,  others  poorer,  in  silica. 
This  has  been  shown  with  the  help  of  X-ray  analysis  and  other  crystallo- 
graphic tools.  These  tools  promise  to  furnish  the  exact  pictures  of  the 
chemical  and  physical  structure  of  the  finest  soil  particles.  Unfortunately, 
the  progress  in  this  field  is  necessarily  slow  and  for  quite  a while  to 
come,  we  will  have  to  content  ourselves,  for  practical  purposes,  with  the 
help  that  is  furnished  by  the  knowledge  of  the  silica-sesquioxide  ratio 
and  the  amount  and  type  of  adsorbed  cations  of  the  specific  clay  under 
consideration.  These  exchange  ions  determine  the  water-affinity  of  the 
soil.  But,  again,  this  water-affinity  is  not  for  all  soils  directly  proportional 
to  the  number  of  ions  present,  even  if  they  are  of  the  same  kind,  but 
this  affinity  depends  also  upon  the  geometric  and  sterometric  form  of 
the  surface  with  which  the  ions  are  connected.  This  fact,  also,  can  be 
explained  by  electrostatic  considerations.  The  treatment  of  its  practical 
importance  will  be  included  in  the  following  section. 
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Data  showing  the  effect  of  the  silica-sesquioxide  ratio  and  of  the 
exchangeable  bases  on  the  properties  of  clays  are  found  in  Table  2. 

TABLE  2 

Physico-chemical  properties  of  some  colloidal  clays. 

TYPE  OF  H-COLLOID 

Susque- 

Lufkin  Wabash  Putnam  hanna  Cecil 


PROPERTY 

Bentonite 

Clay 

Clay 

Clay 

Clay 

Clay  1 

Si02-E203  ratio 

5.0 

3.8 

3.2 

3.2 

2.3 

1.3 

Exchange  capacity,  m.e./gm. 

0.95 

0.82 

0.78 

0.65 

0.47 

0.13  j 

Swelling,  #cc./gm. 

2.20 

1.18 

0.94 

0.81 

0.57 

0.05  ;i 

Heat  of  wetting,  Cal./gm. 

(16.0) 

15.0 

13.9 

13.8 

11.7 

5.9 

Hygroscopicity,  (30%  H2S04), 
per  cent  by  weight 

21.5 

20.1 

— 

18.1 

15.5 

6.1 

Swelling,  cc. 

Heat  of  wetting,  Cal./gm. 

(0.11) 

0.08 

0.07 

0.06 

0.05 

0.01  ; 

Swelling,  cc. 

Exchange  capacity,  Cal./gm. 

2.44 

1.44 

1.20 

1.24 

1.21 

0.41  j 

Heat  of  wTetting 
Exchange  capacity 

(16.8) 

18.3 

17.8 

21.2 

24.9 

46.4 

*Measured  by  the  Winterkorn-Baver  method. 

FACTORS  INFLUENCING  THE  BINDER  QUALITIES  OF  SOILS 

Cohesion  is,  usually,  defined  as  an  attraction  between  substances  of  j 
the  same  character ; adhesion,  of  that  between  substances  of  different  ! 
character.  From  this  definition,  it  appears  that,  on  the  one  hand,  cohesion  j 
of  a soil  system  is  a summation  of  adhesion  phenomena  and,  on  the  other  | 
hand,  that  knowledge  of  the  cohesive  character  of  a soil  permits  certain  ! 
conclusions  as  to  its  adhesive  properties  if  used  as  a binder. 

Soils  are  commonly  divided  into  cohesive  and  cohesionless  categories,  j 
The  scientific  justification  for  this  is  limited,  as  can  be  seen  from  the  j 
following  discussion.  Cohesionless  soil  materials  are  considered  as  being  j 
coarse,  such  as  gravel,  sand  and  silt.  When  moisture  is  introduced  in  a j 
dry  system  of  these  materials,  it  is  first  spread  over  the  entire  available  j 
surface  in  a thickness  which  varies  with  the  water  affinity  of  the  surfaces 
of  the  various  components.  The  forces  holding  water  on  the  above-named  ' 
surfaces  are  relatively  short  ranged,  and  water  in  excess  of  that  needed  ■ 
to  build  up  this  thickness  will  accumulate  on  the  points  where  the  mineral  i 
particles  approach  each  other  and  in  the  lower  part  of  the  system.  It  will  I 
build  bridges  between  the  particles  and  hold  them  together  by  means  of  ! 
its  surface  tension.  If  the  pores  of  such  systems  are  entirely  saturated 
with  water,  there  are  no  air-water  interfaces  left  and  the  systems’  lose 
their  coherence.  Accordingly,  these  materials  show  a curve  with  a maximum 
if  cohesion  is  plotted  against  moisture  content.  This  surface-tension  kind  j 
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of  cohesion  is  the  only  one  present  in  all  soil  materials  from  gravel  to 
clay,  as  long  as  these  materials  possess  only  short  range  adsorption  forces. 
Of  course,  the  amount  of  cohesion  in  such  a system  is  a function  of  the 
number  of  connecting  films  present  and  of  the  radii  of  their  curvature. 
Since  these  radii  can  become  extremely  small  in  the  case  of  plate-shaped 
fine  particles,  great  cohesive  values  may  be  obtained  with  materials  possess- 
ing a large  amount  of  such  particles.  Other  factors  also  change  with  the 
shape  of  the  particles,  the  most  important  of  which  is  the  maximum 
thickness  of  the  adsorption  film. 

ELECTROSTATIC  FACTORS  OF  IMPORTANCE  IN  ADHESION 

From  electrostatic  considerations,  it  has  been  shown  theoretically  and 
on  the  basis  of  experimental  evidence  that  the  maximum  thickness  of  the  ad- 
sorbed water  film  on  soil  particles  is  a function  not  only  of  the  charge,  type 
and  amount  of  exchangeable  ions  but  also  of  the  geometric  structure  of  the 
mineral  surface.  The  smallest  thickness  is  obtained  with  a convex  and  non- 
uniformly  charged  surface,  the  largest,  with  a uniformly  charged  plane 
surface.  In  the  first  case,  the  hydration  film  is  made  up  primarily  of  the 
hydratation  water  of  the  adsorbed  ions : in  the  second,  the  ions  swarm  into 
the  surrounding  liquid,  and  the  film  includes  not  only  the  hydratation  water 
but  the  free  water  in  which  these  ions  swim.  This  fact  is  of  great  im- 
portance for  our  problem  insofar  as  systems  of  this  kind  of  material  may 
possess  cohesion  exceeding  that  of  the  pure  water,  even  if  entirely  saturated 
with  water.  This  is  the  case  with  bentonite.  For  plate-shaped  particles, 
the  following  cases  may  be  differentiated : 

1.  In  the  case  of  a very  small  electric  surface  .field,  and  of  a small 
range  of  surface  forces,  the  cohesion  is  solely  a function  of  the  surface 
tension  of  water  and  the  radii  of  curvature  of  the  connecting  water  films. 

2.  Marked  uniform  charge  with  extended  ionic  atmosphere  of  equal 
sign  tends  to  increase  the  thickness  of  the  water  film  and  Causes  repul- 
sion of  the  particles.  At  very  low  moisture  contents  this  decreases  the 
cohesion,  while  at  high  moisture  contents  a pseudo-cohesion  may  be  ap- 
parent because  of  the  establishment  of  a certain  structure  (thixotropy). 

3.  A nonuniform  charge  with  nonuniform  ionic  atmosphere  can  link 
two  particles  together  by  means  of  electric  chains,  starting  at  one  point 
of  one  surface  and  leading  over  water  dipoles  and  ions  to  an  opposite 
charge  of  the  opposite  micelle.  According  to  this  reasoning,  those  clays 
which  possess  a plain  structure  with  nonuniform  surface  charges,  exhibit 
greatest  cohesional  properties. 

ELECTROSTATIC  ADHESION  PHENOMENA  IN  MECHANICAL  SOIL 

STABILIZATION 

Data  on  the  variation  of  the  tensile  strength  of  air-dry  soil  briquettes 
of  equal  clay  content,  indicate  a maximum  for  soils  in  which  the  Sit^/I^O.s 
ratio  of  the  clay  is  around  3.2. 

What  has  been  said  about  the  adhesion  of  particles  of  similar  kind 
is,  in  principle,  true  where  these  particles  come  into  contact  with  larger 
aggregates  such  as  sand,  gravel  and  crushed  stone.  For  this  case,  the 
following  conditions  may  exist. 
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1.  Particles  with  uniform  surface  charge  of  the  same  kind  exhibit 
no  electrostatic  cohesion. 

2.  Particles  with  uniform,  but  opposite,  charges,  and  particles  with 
nonuniform  charges  exhibit  electrostatic  cohesion. 

These  facts  are  exemplified  by  a phenomenon  with  which  any  practical 
road  builder  is  familiar,  namely,  the  better  adhesion  of  podsolic  clay 
to  limestone  and  other  basic  aggregates,  as  compared  with  that  to  quartz 
and  other  acidic  minerals.  Of  course,  with  the  same  amount  of  water  in 
a system,  the  strength  of  the  electrostatic  linkage  will  increase  with  in- 
creasing polarizing  power  of  the  exchange  ions  and  increasing  dissociation 
from  the  surface. 

These  facts  are  of  special  importance  in  the  construction  of  stabilized 
gravel  (or  crushed  stone)  road  surfaces  and  bases.  In  these  structures, 
consisting  of  graded  mixtures  of  gravel,  sand,  silt  and  clay,  the  inter- 
locking of  the  coarse  material  retains  stability  in  wet  condition,  wdiile 
adhesion  of  the  fine  particles  produces  cohesional  stability  in  the  system 
when  dry. 

There  has  been  quite  a discussion  on  what  plastic  index  the  soil 
fines  should  possess  for  optimum  serviceability.  In  practice,  a plastic 
index  from  zero  to  somewhat  over  ten  has  been  found  to  give  good  re- 
sults. Another  question  is  whether  this  plastic  index  should  be  obtained 
by  an  addition  of  a small  amount  of  clay  with  a high  plastic  index  to 
the  mixture,  or  of  a larger  amount  of  clay  with  a small  plastic  index. 
An  answer  to  these  questions  must  be  based  on  the  following  observa- 
tions : 

1.  An  addition  of  fine  materials  to  larger  aggregates  does  not  only 
fill  the  pores,  but  the  fines  are  also  adsorbed  on  the  surface  of  the 
larger  particles,  thereby  increasing  the  total  volume.  The  thicker  this 
film,  the  more  the  behavior  of  the  wet  system  will  approach  that  of  wet 
soil  fines.  Therefore,  only  such  an  amount  of  fines  shall  be  incorporated 
in  the  structure  as  will  not  appreciably  separate  the  coarser  particles 
from  each  other. 

2.  Soil  particles  with  a high  plastic  index,  i.  e.,  with  electrostatically 
active  exchange  ions,  will  improve  the  cohesion  of  the  system  if  the  aggre- 
gate is  of  an  opposite  electrostatic  character.  If  it  is  of  the  same  char- 
acter, it  will  not  only  fail  to  improve  the  surface  tension  part  of  ad- 
hesion but  may  also  cause  decreasing  stability  of  the  structure  in  wet 
weather. 

3.  If  a graded  structure  is  used  as  a . road  base,  its  moisture  content 
under  natural  conditions  is  usually  sufficient  to  minimize  the  electro- 
static attraction  effect  even  though  optimum  conditions  are  present  for 
detrimental  swelling.  Therefore,  for  base  structures,  the  plastic  index  of  the 
soil  fines  should  be  at,  or  close  to,  zero. 

F or  surfaces,  small  amounts  of  clay  with  a large  plastic  index  (with 
related  marked  electrostatic  cohesion)  and  large  swelling  capacity  appear 
preferable.  In  dry  weather,  the  electrostatic  attraction  increases  the  stability 
of  the  road  surface,  while  in  wet  weather,  the  swelling  of  the  clay  closes 
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the  pores  on  the  surface  and  prohibits  the  entrance  and  destructive  effect 
of  precipitation. 

If  hygroscopic  substances  are  used  for  dust-proofing  and  for  furnishing 
surface-tension  cohesion  on  a stabilized  surface,  the  same  consideration 
should  prevail  as  in  the  case  of  bases. 

In  general,  a higher  plastic  index  can  be  permitted  in  the  case  of  an 
aggregate  with  opposite  electrostatic  properties  from  those  of  the  clay 
than  in  the  case  of  one  possessing  similar  electrostatic  character.  If  only 
a certain  kind  of  clay  is  available,  its  character  can  profitably  be  changed 
by  base  exchange  (Table  3). 


TABLE  3 

Change  of  Soil  Properties  by  Variation  of  Exchange  Ions 


Change  of  Soil  Property  in  Per  Cent  of  Numerical  Value  for  the 

Natural  Soil 


SOIL 

H Na 

K 

Mg 

Ca 

Ba 

A1 

Fe 

Soil  Property 

Cecil — 

Colloid 

+ 9.7 

+ 12.9 

+ 4.8 

-4.8 

-12.9 

-1.6 

Flocculated 

Content 

-8.2 

-18.9 

+ 2.7 

-8.2 

-8.2 

-2.7 

-16.2 

2.7 

Plasticity 

Index 

+ 1.33 

+ 1.33 

-1.3 

+ 4.0 

+1.33 

+ 6.7 

-8 

+4.0 

Liquid  Limit 

0 

+ 2.4 

0 

+ 9.5 

0 

0 

+ 4.8 

+2.4 

Centrifuge 

Moisture  Equivalent 

-2.4 

+ 7.3 

+ 2.4 

+ 9.8 

+ 7.3 

+ 2.4 

-4.9 

+ 2.4 

Field 

Moisture  Equivalent 

+ 3.26 

+ 1.09 

+ 1.09 

+ 3.26 

+ 1.09 

+ 3.26 

-3.26 

+ 1.09 

Speed  of 

Compression  (Function  of 

Permeability) 

Hagerstown — 

Colloid 

+ 53.3 

+ 86.7 

-13.3 

-13.3 

-26.7 

-13.3 

+ 93.3 

+ 80 

Content 

-19.2 

+ 53.8 

-3.8 

+ 3.8 

-11.5 

-19.2 

-38.4 

-38.4 

Plasticity 

Index 

-9.1 

+29.5 

0 

-22.8 

-6.8 

-11.5 

-9.1 

-11.5 

Liquid  Limit 

0 

+ 248* 

-10.3 

+ 3.4 

10.3 

+ 3.4 

0 

-3.4 

Centrifuge 

Moisture  Equivalent 

+ 9.1 

0 

0 

-4.5 

-4.5 

0 

+ 9.1 

+ 18.2 

Field 

Moisture  Equivalent 

+ 38.3 

-33.3 

+ 11.7 

+ 5 

+ 8.3 

+ 31.7 

+ 53.4 

+53.4 

Speed  of 

Compression  (Function  of 

Permeability) 

Putnam- 

Colloid 

+ 50 

+ 150 

0 

+ 33 

+ 8.3 

+25 

+ 50 

+ 108 

Content 

-5.9 

+ 88 

+ 5.9 

+ 29.4 

+ 23.5 

+ 11.8 

-11.8 

-5.9 

Plasticity 

TnH  PY 

0 

+ 37 

+ 5.7 

+ 11.4 

+ 8.6 

+ 5.7 

+ 2.9 

+ 2.9 

1I1U.CA 

Liquid  Limit 

0 

+211* 

-3.7 

0 

0 

0 

0 

-7.4 

Centrifuge 

Moisture  Equivalent 

+ 4.3 

0 

-8.7 

-8.7 

+ 4.3 

+ 8.7 

+4.3 

+4.3 

Field 

Moisture  Equivalent 

+ 25.3 

-46.6 

0 

-4.0 

+ 1.3 

+ 12 

+ 16 

+21.3 

Speed  of 

Compression  (Function  of  Permeability) 

H 

Na 

K 

Mg 

Ca 

Ba 

A1 

Fe 

* Waterlogged 
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THE  ACTION  OF  SPECIFIC  CEMENTING  SUBSTANCES  IN  SOILS 

Thus  far,  only  that  part  of  cohesion  has  been  treated  which  is  caused 
by  the  surface  tension  of  water  and  by  the  linking  effect  of  the  water 
dipoles.  In  a number  of  soils,  specific  cements  are  active  in  effecting  the 
adhesion  or  conglomeration  of  the  ultimate  soil  constituents.  The  action  of 
these  cements  may  be  compared  to  that  of  calcium  carbonate  or  iron  and 
aluminum  compounds  holding  the  sand  grains  together  in  a sand  stone. 
Some  of  these  cements  are  of  inorganic,  some  of  organic,  nature ; the  action 
of  some  is  easily  reversible,  the  action  of  others  almost  irreversible.  It  is 
important,  for  intelligent  soil  stabilization,  that  the  chemical  character  of 
these  cements  be  recognized.  Great  advance  is  now  being  made  in  this  re- 
spect by  the  use  of  microscopic  methods,  permitting  the  determination  of 
the  siliceous,  ferruginous  or  aluminous  character  of  these  cements  with  the 
help  of  indicators.  The  importance  of  organic  cements  has  also  been 
recognized  for  a long  time,  but  exact  and  easy  tools  for  their  investigation 
are  not  yet  available. 

It  has  been  shown  that  knowledge  of  the  chemical  and  surface- 
chemical  properties  of  soil  materials  is  of  considerable  help  to  understand 
the  function  of  soil  in  mechanical  stabilization.  For  chemical  stabilization, 
this  knowledge,  by  necessity,  represents  the  starting  point  for  all  real 
advance. 


EFFECT  OF  SALT  TREATMENT  IN  CLAY  — GRAVEL 
(CRUSHED  STONE)  STABILIZATION 

In  connection  with  mechanical  soil  stabilization,  certain  salts  have 
been  used  to  a considerable  extent.  The  action  of  concentrated  salt  solu- 
tions on  the  properties  of  soils  is  not  yet  completely  understood.  But 
qualitatively,  one  can  enumerate  the  following  effects : 

1.  Adsorption  of  ionic  constituents  of  the  salts  on  the  soil  particles 
and  changing  of  their  surface-chemical  character.  This  effect  is  specific 
for  the  different  ions. 

2.  Increase  of  the  surface  tension  of  the  soil  moisture,  and,  therefore, 
greater  surface-tension  cohesion. 

3.  Equalization  of  moisture  content  by  the  deliquescent,  hygroscopic 
and  water-retaining  properties  of  the  salts. 

4.  Decrease  of  volume  change  in  drying,  owing  to  the  crystallization 
of  the  salt. 

5.  Decrease  of  the  swelling  capacity  of  soils  because  of  the  presence 
of  electrolytes  in  the  soil  moisture. 

6.  Increase  of  the  solubility  of  components  of  the  stabilized  soil  sys- 
tem in  the  electrolyte  solution,  as  compared  to  that  in  pure  water  (lime- 
stone in  NaCl  solution)  • and  possibility  of  recrystallization  of  this  ma- 
terial with  a specific  cementing  action. 

At  the  present  time,  calcium  chloride  and  sodium  chloride  appear 
to  be  used  to  the  greatest  extent.  Others  have  come  to  be  used  extensively 
in  certain  locations.  Certain  of  the  effects  enumerated  above  are  specific 
for  certain  salts;  others  are  general.  Typical  salt  effects  on  soil  properties 
are  shown  in  Tables  4 and  5.  At  times,  salts  are  added  to  soil  aggregate 
mixtures  for  the  purpose  of  chemical  reactions  with  components  of  the 
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latter  with  ensuing  production  of  special  cementing  substances.  This  is 
the  case  when  solium  silicate  is  added  to  calcareous  mixtures — a procedure 
used  to  quite  an  extent  in  France. 

TABLE  4 

Intake  of  Electrolyte  Solutions  by  Soils 


SOIL  Ca-Putnam  Na-Hagerstown 


Cone.  CaCl2 

Intake  cc/g 

Cone.  NaCl 

Intake 

cc/g 

0 

(H20) 

.62 

0 (H20) 

.78 

.72N 

.63 

.34  N 

.71 

1.44N 

.63 

.68  N 

.72 

2.9 

N 

.60 

1.35  N 

.68 

5.8 

N 

.56 

2.70  N 

.69 

11.5 

N 

.50 

5.40  N 

.65 

TABLE  5 

The  Effect  of  Electrolyte  Concentration  on  Consistency 

Indices 

of  Putnam  Soil 

Milli- 
Equiva- 
lent  of 
Salt  Per 

Lower 

Liquid 

Lower 

Plastic 

Plastic 

Volume 

SHRINKAGE 

Vacuum 

Mois- 

ture 

Equiva- 

Salt 

gm.  soil 

Limit 

Limit 

Index 

Change 

Limit 

Ratio 

lent 

None 

0 

32.8 

16.2 

16.6 

37.3 

13.0 

1.89 

28 

NaCl 

.15 

32.8 

15.6 

17.2 

38.4 

12.9 

1.93 

32.6 

NaCl 

.30 

31.6 

15.6 

16.0 

34.3 

13.7 

1.92 

35.4 

NaCl 

.75 

28.7 

15.2 

13.5 

26.1 

14.7 

1.86 

31.7 

NaCl 

1.50 

25.8 

12.7 

13.1 

11.9 

18.9 

1.72 

32.3 

K Cl 

.15 

31.9 

21.1 

10.8 

23.6 

K Cl 

.30 

30.8 

21.0 

9.8 

26.3 

K Cl 

.75 

30.8 

21.4 

9.4 

25.4 

K-Cl 

1.50 

27.7 

20.3 

7.4 

23.2 

CaCL 

.15 

30.9 

14.3 

16.6 

34.6 

12.9 

1.92 

26.1 

CaCl2 

.30 

31.7 

15.3 

16.4 

36.8 

12.8 

1.95 

25.9 

CaCL 

.75 

30.7 

13.7 

17.0 

36.5 

12.2 

1.97 

25.1 

CaCl2 

1.50 

28.2 

11.0 

17.8 

30.4 

12.8 

1.90 

23.4 

SURFACE-CHEMICAL  FACTORS  IN  BITUMINOUS  SOIL 
STABILIZATION 

In  bituminous  soil  stabilization,  bitumen  is  added  to  soils  for  two 
general  purposes.  It  is  supposed  to  modify  the  water  affinity  of  cohesive 
soils,  while  interfering  as  little  as  possible  with  their  cohesive  properties, 
and,  on  noncohesive  soils,  to  introduce  cohesion  or  to  act  as  a cement. 
The  former  soils  are  unstable  under  wet,  the  latter  under  dry,  conditions. 
If  bitumen  is  used  for  cementing  purposes  in  noncohesive  soils,  it  should 
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adhere  well  to  the  mineral  surfaces  and  its  consistency  should  not  show 
marked  changes  with  temperature  variations  and  with  time  of  exposure 
to  the  weathering  agents.  These  properties  are  identical  with  those  desired 
in  higher  type  bituminous  constructions.  The  adhesion  problem  has  been 
treated  in  greater  detail  at  last  year’s  conference  and  to  a certain  extent 
at  this  year’s;  but  a few  remarks  on  fundamentals  may  be  permitted  at  : 
this  time.  These  are : 

(a)  The  adherence  of  one  substance  to  another,  or  the  adsorption 
of  one  substance  by  another,  can  be  due  to  forces  of  non-polar,  polar  and  i 
intermediate  type. 

(b)  Polar  adsorption  is,  in  general,  connected  with  larger  amounts  j 
of  energy  than  nonpolar  adsorption  and  will  take  place  preferentially  if 
both  types  are  possible. 

(c)  A special  case  of  polar  adsorption  is  the  formation  at  the  inter- 
face of  water  and  oil  insoluble  compounds  by  constituents  of  the  ad- 
sorbents and  the  adsorbates. 

(d)  With  bitumens  containing  polar  constituents,  such  as  asphaltic 
acids,  anhydrides  and  resins,  and  the  minerals  generally,  consisting  of  i 
ionic  lattices  with  more  or  less  marked  polar  character,  polar  adsorption 
should  be  expected  to  play  a major  role.  This  conclusion  has  been  con- 
firmed by  the  experimental  results  of  a host  of  investigators. 

(e)  The  adhesion  of  a bitumen  to  mineral  surfaces  can  be  changed  ; 
with  the  help  of  inorganic  and  organic  primers  of  a polar  nature. 

(f)  Primers  which  develop,  or  induce  the  development  of,  cementing 

films  appear  to  be  preferable  to  those  which  develop  lubricating  films,  if 
it  is  desired  that  the  cement  introduce  as  much  cohesive  stability  as  pos- 
sible. 

In  the  bituminous  stabilization  of  cohesive  soils,  the  bitumen  has  the 
job  to  waterproof,  rather  than  to  cement.  The  characteristics  of  such  soil  | 
— water — bitumen  systems  have  only  recently  found  thorough  experimental  I 
investigation.  They  are  too  complex  to  be  described  in  detail  at  this 
place.  But  the  importance  of  polar  adsorption  phenomena,  connected  with 
the  polar  bituminous  constituents,  the  water  dipoles  and  the  surface  struc-  j 
ture  and  exchangeable  ions  of  the  minerals  is  already  apparent  and  deserves 
special  emphasis.  Summarily,  it  might  be  stated  that  soils  exhibiting  low  i 
cation  and  high  anion  exchange  capacity  are  more  easily  waterproofed  ; 
than  those  with  high  cation  exchange  capacity.  Furthermore,  the  higher 
the  valence  of  the  adsorbed  cation,  the  better  is  its  effect  in  bituminous  ; 
soil  stabilization.  The  monovalent  ions,  especially  those  of  lithium  and  I 
sodium,  affect,  detrimentally,  the  stabilizing  action  of  bitumen.  But  this  j 
effect  can  be  minimized  by  the  use  of  a primer  which  resinifies  in  the ; 
presence  of  alkali.  It  also  appears  that  stabilization  with  asphaltic  bitumen j 
is  more  affected  by  the  surface  properties  of  the  minerals  than  stabiliza-  j 
tion  with  high  temperature  tar.  The  results  of  an  extensive  investigation ! 
of  the  factors  of  importance  in  bituminous  soil  stabilization,  which  was  f 
carried  out  under  the  joint  auspices  of  the  Bureau  of  Public  Roads,  the! 
Missouri  State  Highway  Department,  the  University  of  Missouri,  and  the! 
Direccion  de  Vialidad  of  Argentina,  will  be  available  in  the  near  future.! 
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SURFACE  CHEMICAL  PHENOMENA  IN  STABILIZATION  WITH 

PORTLAND  CEMENT 


Rather  recently  Portland  cement  has  found  a place  in  soil  stabilization. 
The  empirical  basis  for  its  use  has  been  laid  by  an  extensive  laboratory 
investigation  of  the  Portland  Cement  Association,  which  was  strengthened 
by  cooperative  experimental  jobs  with  several  highway  departments.  Be- 
cause of  the  complexity  of  soil-cement  systems  and  the  relative  newness 
of  this  development,  not  much  investigation  has  been  done  from  the  chemi- 
cal point  of  view.  Therefore,  little  can  be  said  in  this  respect  at  the 
present  time ; but  an  investigation  has  been  started  to  discover  any  possible 
effect  of  the  chemical  composition  of  the  surfaces  of  the  soil  constituents 
on  the  quality  of  cement  stabilization.  Considering  the  chemical  actions 
involved  in  the  setting  and  hardening  of  cement,  it  would  be  very  sur- 
prising if  the  chemical  character  of  the  soil  had  nothing  to  do  with  the 
effectiveness  of  cement  treatment. 

It  would  take  too  long  to  treat  all  the  possible  chemical  and  surface- 
chemical  reactions  between  the  different  soils  and  the  multivariant  ma- 
terials which  are  used  at  present  in  soil  stabilization.  But  it  is  worthwhile 
to  be  on  the  lookout  for  such  reactions  in  any  case  in  which  a foreign 
material  is  introduced  in  the  soil  for  stabilization  purposes.  While  the 
optimum  conditions  for  such  treatments  will  continue  to  be  developed 
empirically,  if  the  chemical  side  of  the  treatment  is  taken  into  account, 
it  will  be  possible  to  arrive  at  a theoretical  understanding  and  a practical 
standard  of  design  in  a much  shorter  time  than  without  this  guidance.  On 
the  other  hand,  care  must  be  taken  that  any  chemical  theory,  or  hypothesis, 
used  in  the  development  of  soil  stabilization  is  based  on  facts  and  is 
submitted  to  testing  by  facts  before  any  large-scale  application.  It  should 
be  emphasized  that  not  a smattering  of  chemical  knowledge  but  a well- 
founded  chemical  education  and  practical  experience  is  necessary  to  do 
a good  job  in  this  field.  As  in  other  fields,  half-knowledge  is  the  worst 
enemy  of  advance. 

In  conclusion,  it  might  be  stated  that  chemical  and  surface-chemical 
phenomena  play  an  important  role  in  the  different  procedures  of  soil 
stabilization.  The  recognition  of  these  phenomena  and  the  application  of 
the  acquired  knowledge  is  one  of  the  foundations  for  the  continuous  and 
sound  development  of  low-cost  road  construction. 
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Progress  in  Research  on  the  Adhesion  Between  Mineral 
Fractions  and  Bituminous  Materials 

By 

HANS  F.  WINTERKORN,  Research  Engineer 
Missouri  State  Highway  Department 

Last  year,  a report  was  submitted  to  the  Montana  National  Bitumi- 
nous Conference  on  the  theoretical  and  practical  status  of  the  adhesion 
problem  in  bituminous  road  construction.  (1)  It  is  the  purpose  of  the 
present  paper  to  bring  this  information  up  to  date.  Also,  since  one  year  j 
is  a very  small  unit  of  time,  and  the  progress  made  therein  relatively 
limited,  some  space  might  be  used  for  restatement  of  fundamentals ; 
and  for  the  enlarging  on  some  features,  which  deserve  more  space  than 
could  be  allotted  last  year. 

FUNDAMENTALS 

The  theory  of  the  adhesion  interrelationship  of  mineral  surfaces  and 
bituminous  materials  is  well  advanced.  It  has  been  demonstrated  that 
the  resistance  to  stripping  of  bitumen  coated  aggregate  is  dependent  upon : 

(a)  the  surface-physical  and  chemical  character  of  the  mineral, 

(b)  the  physical  and  chemical  character  of  the  bitumen, 

(c)  the  time  and  condition  of  contact  between  the  bitumen  and  the 
mineral. 

According  to  their  surface-chemical  and  physical  properties,  minerals 
may  be  divided  into  four  classes  containing : 

(1)  those  minerals  which  possess  a greater  natural  affinity  for  bitumen 
than  for  water  (hydrophobic). 

(2)  those  which  possess  a greater  natural  affinity  for  water  than 
for  bitumen,  but  the  affinity  of  which  can  be  altered  beneficially 
(or  detrimentally)  by  base  exchange  and  other  ionic  adsorption 
phenomena.  These  minerals  belong  to  the  hydrophilic  class  but 
they  deserve  a separate  denomination  (perhaps  amphophilic). 

(3)  those,  like  quartz,  which  do  not  possess  base  exchange  capacity, 
and  which,  therefore,  cannot  be  altered  with  the  help  of  ex- 
change ions  (hydrophilic). 

(4)  those  which  possess  a chemical  nature  similar  to  quartz ; but 
which,  because  of  a porous  structure,  permit  the  intrusion  of 
biutminous  plugs,  resulting  in  a type  of  mechanical  adhesion. 
If  such  aggregate  is  primed  with  salts  of  higher  valent  cations 
(Pb,  Fe,  Al),  these  may  become  retained  in  the  pores,  and 
change  into  insoluble  oxy  and  hydroxyl  compounds  altering  the 
affinity  of  the  surface  of  the  mineral  for  bitumen  and  water 
respectively. 
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The  action  of  bituminous  materials  varies  to  a great  extent  with 
their  chemical  constituents.  Unfortunately,  at  the  present  time  there 
does  not  exist  a good  standard  method  to  separate  these  constituents  and 
to  identify  their  chemical  character.  The  Marcusson  method  which  is 
the  most  complete  one  developed  for  the  group  analysis  of  asphaltic 
bitumen  appears  to  give  good  results  with  materials  for  which  it  was 
originated,  i.  e.,  natural  asphalts  and  noncracked  and  oil  asphalts;  but 
fails  if  called  upon  to  chemically  identify  the  multivarious  cracked  and 
processed  materials  which  are  now  on  the  bituminous  market.  In  regard 
to  the  adhesive  properties  of  asphaltic  bitumen  it  appears  to  be  well 
established  that  best  adhesion  is  obtained  if  the  bitumen  possesses  a 
sufficient  amount  of  active  components  which  are  preferentially  adsorbed 
by  the  mineral  and,  possibly,  form  water  and  oil  insoluble  compounds 
with  constituents  of  the  mineral.  These  active  components  may  be  very 
stable,  as  are  the  acids  found  in  many  natural  asphalts;  or  they  may 
be  very  unstable  if  produced  by  excessive  heating.  Compounds  showing 
special  affinity  for  the  hydrophilic,  quartzlike,  type  of  aggregate  are 
usually  of  the  latter  type.  While  exhibiting  desirable  adhesive  properties 
they,  generally,  possess  an  undesirable  weathering  susceptibilty.  There- 
fore, bitumen  containing  this  type  of  components  has  fallen  into  disfavor 
in  the  conventional  semipermeable  types  of  bituminous  road  construction. 
The  greater  stripping  resistance  of  cracked  bitumen  has  been  demonstrated 
in  three  recent  investigations  (2,  3,  4).  These  investigations  also  con- 
firmed the  known  fact  of  the  influence  of  the  consistency  of  bitumen  on 
its  stripping  resistance.  Films  of  low  consistency  and  also  those  of  a 
brittle  nature  are  more  easily  stripped  than  plastic  films  of  relatively 
high  consistency. 

In  the  light  of  present  knowledge  it  appears  most  desirable  to  use 
a hydrophobic  aggregate  in  connection  with  an  asphaltic  material  with 
good  weathering  resistance.  If  a hydrophobic  aggregate  is  not  economic- 
ally available  the  use  of  a more  active  bitumen  may  be  considered;  but 
if  the  greater  activity  has  to  be  paid  for  with  a decreased  weathering 
resistance  the  wisdom  of  such  procedure  appears  to  be  very  doubtful. 
It  would  be  better,  in  such  a case,  to  attempt  to  change  the  surface  char- 
acter of  the  aggregate  and  to  choose  the  bitumen  on  the  basis  of  its 
weather  resistant  properties.  The  main  problem  in  the  field  of  adhesive- 
ness then,  is  to  change  the  surface  properties  of  such  hydrophilic  mineral 
materials  which  are  not  susceptible  to  improvement  by  base  exchange  or 
which  do  not  possess  the  above  mentioned  advantages  of  a porous  struc- 
ture. An  attempt  towards  the  solution  of  this  problem  is  contained  in 
one  of  the  papers  referred  to  previously  (4).  At  this  point  the  state- 
ment may  be  permitted  that,  while  in  most  cases  it  is  desirable  to  use 
a dense  bituminous  mix  even  with  highly  weathering  resistant  bitumens, 
this  density  is  categorical  for  mixes  containing  a bitumen  of  low  weather- 
ing resistance  or  a bitumen  aggregate  system  with  components  having 
small  mutual  affinity. 

THE  TESTING  FOR  ADHESIVENESS  OR  RESISTANCE  TO  STRIPPING. 

Two  points  deserve  primary  consideration  in  the  actual  testing  of 
adhesiveness.  They  are : 
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(1)  that  the  adhesion  measured  is  a function  of  time  and  condition 
of  contact  of  bitumen  and  mineral, 

(2)  that  good  wetting  properties  are  not  synonymous  with  good 
adhesion  properties  or  good  stripping  resistance,  though  they  i 
may  go  parallel  with  the  latter. 

Accordingly,  for  the  testing  of  stripping  resistance  such  methods  : 
have  to  be  ruled  out  which : 

(a)  do  not  allow  sufficient  time  of  contact  before  testing, 

(b)  measure  wetting  rather  than  adhesion  characteristics. 

It  is  not  intended  to  minimize  the  great  practical  importance  of  wet-  j 
ting  phenomena  in  the  bituminous  paving  industry.  But  these  belong  j 
under  a different  heading.  A well  known  test  which  fails  to  take  into  I 
account  the  point  under  (1)  and  other  important  factors  is  the  water-  j 
asphalt  preferential  test.  Although  “de  mortuis  nil  nisi  bene”  this  test  | 
offers  a classical  example  of  misdirected  testing  methods  and  psychology, 
that  it  deserves  closer  consideration.  The  test  was  first  developed  in 
Arizona  for  a possible  application  in  determining  the  suitability  of  ma- 
terials for  use  with  oil,  especially  materials  passing  the  No.  200  mesh 
sieve.  The  original  test  procedure  was  as  follows  (5)  “5  gm  of  that 
portion  of  material  which  is  to  be  oiled  is  mixed  with  an  excess  of  oil 
(27  ml)  at  a rate  of  1500  revolutions  per  minute  for  five  minutes;  after 
which  enough  water  to  make  up  80  ml  is  added,  and  the  total  mixture 
is  then  stirred  for  another  five  minutes.  This  procedure  is  carried  on 
in  a 100  ml  flask  at  a temperature  of  130°  F. 

“After  the  sample  has  had  time  to  settle  and  the  water  to  become  j 
clear  the  amount  of  clean  dust  at  the  bottom  of  the  jar  is  estimated  and 
recorded  as  the  percentage  of  total  dust  separated.” 

(N.  B.  California  doubled  the  quantities  and  raised  the  temperature 
to  140°  F.  (6). 

On  the  basis  of  the  general  properties  of  bituminous  oils,  soil  ma-  ; 
terials  and  water,  a number  of  different  phenomena  can  be  visualized  j 
as  a result  of  the  testing  procedure.  Such  possibilities  are : 

(1)  the  mineral  goes  to  the  water  phase, 

(2)  the  mineral  goes  to  the  oil  phase, 

(3)  the  system  represents  an  oil  in  water  emulsion, 

(4)  the  system  contains  a water  in  oil  emulsion  in  a surrounding- 

water  phase, 

(5)  the  mineral  is  distributed  between  the  water  and  oil  phase, 

(6)  the  mineral  accumulates  at  the  interface  of  the  oil-water  system. 

Obviously,  from  the  six  enumerated  possibilities,  only  three  give  \ 
more  or  less  definite  indications  of  the  properties  of  the  mineral.  This  I 

is  bad  enough,  but  the  actual  value  of  the  test  is  still  more  lowered  | 

on  account  of  the  fact  that : 

(a)  the  mineral  has  not  been  given  sufficient  time  to  react  with  the  j 
bitumen  before  testing. 
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(b)  the  mineral  bitumen  mixture  has  never  been  permitted  to  dry 
out  and  develop  resistance  against  the  stripping  action  of  water. 
In  the  light  of  present  day  experience  and  understanding  a wet 
laid  bituminous  road  or  base  cannot  be  considered  completed 
and  possessing  optimum  water  resistance  as  long  as  it  has  not 
lost  most  of  its  moisture  (7). 

The  only  definite  conclusion  to  be  derived  from  the  use  of  the  water- 
asphalt  preferential  test  is,  that  a mineral  which  goes  to  the  oil  phase 
is  a good  material;  but  a mineral  which  does  not  do  so  is  not  necessarily 
bad.  To  reject  materials  on  the  basis  of  such  a test  is  liable  to  become 
an  expensive  sport.  It  is  interesting  from  a psychologic  standpoint  that 
the  use  of  this  test  lingers  on,  in  spite  of  the  fact  that  its  first  investi- 
gators, the  Arizona  State  Highway  Department  and  that  of  California 
have  early  recognized  and  stated  its  limitations.  A questionnaire  sub- 
mitted to  the  various  State  Highway  Commissions  during  1937  by  a com- 
mittee of  the  Association  of  the  Asphalt  Paving  Technologists  on  the  use 
of  the  water-asphalt  preferential  and  the  swell  test  resulted  in  replys  from 

23  states.  (8).  Of  these,  15  used  the  swell  test  as  criterion  of  water 
affinity,  10  used  both  the  swell  and  the  water-asphalt  preferential  test. 
Of  the  latter  10,  six  believed  the  swell  test  to  be  superior  to  the  other, 
3 were  noncommittal,  and  only  one  voice  appeared  to  favor  the  “preferential” 
test  to  the  swell  test.  This  voice  belonged  to  a state,  the  specifications 
of  which  contain  the  swell  test,  not  the  water-asphalt  preferential  test. 

THE  SWELL  TEST 

This  test  also  was  originated  in  Arizona  (9)  for  the  purpose  of 
determining  the  “suitability  of  a material  for  use  with  65-70%  asphalt 
fuel  oil.  In  the  testing  procedure:  “Material  proposed  for  use  with  oil 
is  mixed  to  satisfactory  color — allowed  to  stand  for  24  hours,  after 
which  that  portion  passing  10  mesh  is  screened  out,  tamped  into  a 
2-inch  section  of  3-inch  pipe  and  compressed  to  200  lbs.  per  square  inch 
against  machined  steel  plate.  After  sealing  the  bottom  with  paraffin, 
the  material  and  ring  are  immersed  in  water,  After  a twelve  hour 
period,  the  swell  above  the  top  of  the  ring  is  recorded.”  A maximum 
permissible  swell  is  specified. 

This  test  suited  originally,  only  for  finer  sized  materials  acquired 
more  general  importance  in  the  able  hands  of  Stanton  and  Hveem  (6) 
in  California.  The  improved  “swell  test  is  made  on  a compacted  speci- 
men of  oil  mixed  aggregate  representing  typical  proportions  of  oil  or 
asphalt  as  well  as  grading  used  in  actual  construction.”  In  the  actual  test- 
ing the  mixture  is  compacted  in  a cylindrical  metal  mold  of  4 inches 
inside  diameter,  and  5 inches  high ; then  a perforated  brass  disc  % inch 
thick  and  3%  inches  in  diameter  with  a 5%  inch  upright  stem  in  its 
center  is  put  on  top  of  the  compacted  mixture.  The  upright  stem  is  in 
contact  with  an  Ames  dial,  which  indicates  the  swelling  of  the  mixture, 
induced  by  500  ml  of  water  which  are  poured  into  the  upper  part  of 
the  mold  on  the  surface  of  the  specimen.  Swell  readings  are  taken  after 

24  hours  and  recorded  in  thousandths  of  an  inch.  The  limits  of  the  per- 
missible swell  are  specified  as  functions  of  the  relative  surface  area  of 
the  minerals  in  the  mixture.  Although  one  might  well  back  up  the 
statement  of  Stanton  and  Hveem  that  “the  swell  test  is  considered  to 
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be  the  most  reliable  method  and  will  throw  more  light  on  the  probable 
effect  of  moisture  on  the  road  surface  than  any  other  known  test”, 

it  is  well  to  examine  more  closely  the  inherent  advantages  and  dis- 

advantages of  this  method. 

The  advantages  of  the  swell  test  are : 

(1)  the  chance  for  the  bitumen-mineral  interface  to  develop  stripping 

resistance. 

(2)  the  possibility  of  testing  the  paving  mixture  in  toto. 

The  main  disadvantage  is  the  fact  that  the  .measured  swell  is  a 
complex  function  of  the  permeability  and  the  water  affinity  of  the  mix. 
There  exists  the  possibility  that  a highly  hydrophilic  filler  in  a semi- 
permeable  pavement  mixture  may  swell  in  a way  as  to  close  the  pores 
to  further  entrance  of  water.  Such  a mixture  may  record  a smaller  swell 
than  a less  hydrophilic  mixture  but  the  corresponding  pavement  will 
not  be  able  to  withstand  a long  soaking  water  action  as  well  as  the 
one  made  of  the  other  mixture.  The  test  noting  the  24  hours  swell  ap- 
pears to  be  appropriate  in  places  of  excellent  drainage  but  not  in  places  ! 
of  long  continued  exposure  to  moisture.  To  take  care  of  this  feature  ; 
there  is  a tendency  to  increase  the  time  of  swell.  This  has  been  done 

in  Nebraska  where  all  tests  are  run  for  140  hours.  There  it  has  been 

shown  that  often  materials  which  will  swell  less  than  0.015  in  24  hours 
will  have  more  swell  in  140  hours  than  mixtures  having  a swell  of  * 
more  than  0.015  in  24  hours.  Another  point  which  deserves  consideration  1 
in  this  connection  is  that  equal  amounts  of  swelling  do  not  necessarily  I 
result  in  equal  decreases  in  stability.  Where  such  decreases,  due  to  the  j 
effect  of  water  are  of  importance,  it  is  well  to  know  their  magnitudes.  ; 
Therefore  the  testing  of  stability  of  a compacted  pavement  mixture  with 
and  without  prolonged  exposure  to  water  is  well  worthwhile.  For  the  ; 
actual  testing  most  of  the  known  methods  of  the  compression,  extrusion, 
penetration,  shearing  and  loading  types  appear  applicable,  as  long  as 
it  is  kept  in  mind  that  the  specification  limits  must  necessarily  be  ; 
correlated  to  actual  road  experience. 

A testing  method  which  is  simple  and  well  adapted  to  the  needs  ; 
of  a country  with  high  precipitation  and  slow  evaporation  of  moisture 
is  that  descriped  in  the  DIN  1995,  Part  II,  Section  D,  Number  6 and 
7.  Cubes,  made  of  the  actual  paving  mixtures  and  compacted  by  a method 
which  gives  comparable  results  with  the  one  used  on  the  road,  are  stored 
for  24  hours  in  the  thermostat  at  a temperature  of  22.5°  C.,  and  then 
tested  for  their  crushing  strength.  Identical  samples  are  submerged  in 
water  for  28  days,  kept  still  in  water,  in  a thermostat  at  22.5°  C.  for 
24  hours,  and  are  then  tested  for  crushing  resistance.  Different  limits  I 
are  established  for  permitted  decrease  in  crushing  resistance  of  the 
samples.  Typical  limits  are : 

(1)  Decrease  permitted  for  “Stampf  asphalt”  Z65% 

(2)  Decrease  premitted  for  “Guss  asphalt”  Z10% 

(3)  Decrease  permitted  for  “Walz  asphalt”  Z20% 

Most  engineers  will  concur  on  the  point  that  tests  on  which  the  j 
acceptance  or  rejection  of  a certain  paving  mixture  is  to  be  based  should 
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be  made  on  samples  which  are  representative  of  the  actual  paving  mix- 
ture. This  fact  limits  the  usefulness  of  the  so  called  wash  tests  to  pave- 
ments, the  mineral  components  of  which  are  of  like  surface-chemical 
character  and  of  limited  size  variation,  i.  e.,  to  some  classes  of  natural 
and  artificial  rock  asphalts,  sheet  asphalts  and  asphaltic  macadam.  The 
main  application  of  these  test  methods  is  as  research  tools  to  be  used  in 
the  furthering  of  our  understanding  of  the  factors  of  importance  in 
the  adhesiveness  problem,  in  the  development  and  testing  of  new  prim- 
ing substances  and  in  the  study  of  the  functional  relationship  of  the 
properties  of  the  mineral  components  of  a paving  mixture  and  the  prop- 
erties of  the  mixture.  At  present  almost  nothing  is  known  in  the  latter 
respect.  Methods  of  the  washing  type  are  the  shaking  of  the  aggregate 
in  a jar,  the  Nicholson  (10)  and  the  Missouri  test  (3,4).  Nicholson’s 
method,  because  of  the  use  of  Erlenmeyer  flasks,  is  restricted  to  sand 
and  filler  material ; the  Missouri  method  can  be  adjusted  for  either  large 
or  fine  aggregate.  To  be  practically  useful  in  their  respective  fields 
all  these  methods  need  to  be  standardized  on  the  basis  of  actual  road 
experience.  Preliminary  soaking  in  water  or  aqueous  solutions  is  often 
necessary  to  make  the  results  of  these  wash  tests  correspond  with  actual 
road  behavior  under  many  climatic  conditions. 

In  the  first  part  of  this  paper  the  factors  determining  the  adhes- 
iveness or  stripping  resistance  of  mineral-bitumen  interfaces  have  been 
enumerated  and  methods  to  improve  this  quality  have  been  indicated  for 
all  surfaces  but  those  of  a dense  and  hydrophilic  character.  In  the  coat- 
ing of  the  latter  progress  has  been  made  by  the  synthesis  of  very  thin 
films  of  artificial  resins  on  the  mineral  surfaces.  Also,  progress  has  been 
reported  from  the  use  of  self-orienting  polar  molecules  (Pb-soaps)  at  the 
mineral  oil  interphase  (11,12).  At  this  point  it  might  be  permissible  to 
give  a speculative  picture  of  a hydrophilic  mineral  covered  by  bitumen 
and  to  derive  a working  hypotheses  for  the  future  attack  of  this  problem. 

A hydrophilic  mineral  is  normally  covered,  even  in  apparent  dry 
condition,  by  a thin  moisture  film.  It  takes  very  high  drying  tempera- 
tures to  get  rid  of  this  moisture  film,  drying  temperatures  not  feasible 
or  economical  in  bituminous  practice.  Therefore,  a hydrophilic  mineral 
covered  by  a bituminous  film  represents  a three-phase  system  consisting 
of  the  solid  mineral,  the  moisture  film  and  the  bituminous  film.  The 
potential  thickness  of  the  moisture  film  depends  upon  the  water  at- 
tracting and  orienting  power  of  the  mineral  surface,  the  temperature  of 
the  system  and  the  availability  of  water  outside  the  system  (vapor 
pressure).  The  actual  thickness  at  any  particular  time  is  also  a function 
of  the  resistance  to  the  flow  of  moisture  either  in  liquid  or  vapor 
condition  through  the  bituminous  film.  If  the  water  attraction  of  the 
mineral  surfaces  is  equal  to  the  resistance  of  the  bituminous  film  to 
moisture  flow  and  to  its  own  deformation,  no  further  change  of  film 
thickness  will  take  place.  Lowering  the  temperature  increases  the  water 
attractive  forces  of  the  mineral,  and,  therefore,  if  other  factors  are  kept 
constant,  an  incrase  in  film  thickness  results.  Under  the  influence  of 
cooler  temperature,  the  bitumen  wTill  get  brittle  and  its  film  discon- 
tinuous. This  will  give  a good  chance  for  the  under  film  to  grow  to  ap- 
preciable thickness.  Sudden  temperature  changes  are  able  to  change  the 
adsorbed  moisture  into  free  water,  which  takes  the  space  between  the 


—141— 


mineral  and  the  bituminous  film  and  readily  permits  the  stripping  of 
the  latter.  Conditions  like  the  ones  described  are  set  up  in  the  winter- 
spring sequence. 


The  theoretical  conclusions  from  this  picture  are  that  a good  primer 
does  not  need  to  be  entirely  antagonistic  to  water.  In  fact,  one  can 
well  imagine  one  which  has  smaller  polar  properties  to  water  and  will  be 
adsorbed  with  like  energy  by  the  mineral  surface.  Its  molecular  weight 
should  be  considerably  higher  than  that  of  water  ; but  its  molecules  should 
have  sufficient  electrical  likeness  to  those  of  water  to  permit  a certain 
miscibility,  which  in  customary  fashion  should  decrease  with  decreasing 
temperature. 


Such  a primer  would  partly  substitute  and  dissolve  the  adsorbed 
moisture  film.  Owing  to  its  lower  water  solving  power  at  low  tem- 
peratures there  would  be  no  increase  of  the  amount  of  moisture  around 
the  mineral  and  reduced  danger  of  spring  stripping ; because  of  its  higher 
molecular  weight  and  its  similar  electric  properties  it  would  slowly  sub- 
stitute all  the  water  molecules  adsorbed  on  the  mineral  surface ; and 
there  would  be  a general  tendency  of  the  water  to  decrease  on  the  surface 
of  the  mineral  with  increasing  length  of  service  of  the  pavement.  Such 
a primer  appears  to  be  the  ideal,  and  our  search  should  be  in  that 
direction.  Our  experience  with  furfural  seems  to  indicate  that  it  possesses 
at  least  some  of  the  desired  properties. 


(1) 

(2) 
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Progress  in  Research  on  the  Testing  of  Bituminous 

Materials 

By 

PREVOST  HUBBARD,  Chemical  Engineer 
The  Asphalt  Institute 
New  York  City 

In  spite  of  the  vast  amount  of  time  and  effort  devoted  to  the  develop- 
ment of  tests  for  bituminous  materials  there  remains  much  to  be  desired 
from  the  standpoint  of  correlation  of  test  results  with  service  behavior 
of  the  various  types  and  grades  of  products. 

Tests  of  consistency,  such  as  the  penetration  test  for  semi-solids  and 
the  viscosity  test  for  liquid  products  are  known  to  be  basic  from  the 
standpoint  of  suitability  of  the  original  material  for  a specific  type  of 
construction  or  method  of  use.  However,  numerous  researches  during  the 
past  decade  have  demonstrated  that  all  bituminous  materials,  whether 
semi-solid  or  liquid,  may  be  expected  to  change  into  hard,  brittle  solids 
with  age  when  freely  exposed  in  thin  films  to  atmospheric  conditions 
irrespective  of  increase  in  consistency  due  to  evaporation  of  any  volatile 
constituents  which  may  be  present.  Some  reliable  test  to  evaluate  the 
relative  resistance  of  bituminous  materials  to  undue  hardening  under  serv- 
ice conditions  is  needed.  Recent  researches  of  Benson,  Steinbaugh  & Brown, 
Hubbard  & Gollomb,  Skidmore  & Abson,  Nicholson  & Raschig  and  Doyle, 
all  of  which  are  descriped  in  the  December,  1937  Proceedings  of  the  Asso- 
ciation of  Asphalt  Paving  Technologists  represent  progress  along  this  line 
which  may  ultimately  lead  to  the  desired  test.  The  same  may  be  said  of 
the  studies  of  Professor  F.  C.  Lang,  Minnesota  Department  of  Highways, 
and  of  the  recent  investigations  of  the  Materials  and  Research  Depart- 
ment of  the  California  Division  of  Highways. 

With  the  knowledge  that  consistency  changes  begin  to  take  place  in 
all  bituminous  materials  from  their  first  application  in  highway  use  and 
that  changes  in  consistency  are  accompanied  by  changes  in  almost  every 
other  physical  property,  it  seems  logical  to  assume  that  tests  for  other 
physical  properties  such  as  ductility  at  various  temperatures,  and  soften- 
ing point  must  be  of  minor  importance  unless  the  probable  rate  of 
consistency  change  can  be  evaluated. 

It  is  quite  possible  to  determine  the  relative  tendency  of  bituminous 
materials  to  increase  in  consistency  due  to  loss  of  volatile  constituents. 
The  present  standard  distillation  test  has  been  developed  for  this  pur- 
pose and  since  the  first  series  of  conferences  inaugurated  in  1931  by  the 
U.  S.  Bureau  of  Public  Roads  in  cooperation  with  the  various  state  high- 
' way  departments  and  the  Asphalt  Industry,  great  progress  has  been  made 
in  the  uniform  classification  of  all  liquid  asphaltic  road  materials  ex- 
cluding emulsions,  into  three  groups  known  as  rapid  curing,  medium  cur- 
ing and  slow  curing,  which  are  identified  and  specified  by  means  of 
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this  test.  This  basis  of  classification  has  resulted  in  a notable  simplifi- 
cation of  specifications  for  such  products  and  the  elimination  of  many 
test  requirements  formerly  used  which  are  now  known  to  be  unnecessary 
for  specification  purposes.  While  there  is  still  room  for  improvement,  the 
six  tests  commonly  used  for  rapid  curing  and  medium  curing  products, 
namely  flash  point,  viscosity,  distillation  on  the  original  material  and 
penetration,  ductility  and  solubility  in  CS2  on  the  residue  from  distilla- 
tion, have  been  generally  found  to  be  satisfactory.  Unfortunately  the 
same  cannot  be  claimed  for  that  class  of  products  designated  as  slow 
curing  which  are  produced  from  much  more  widely  varying  sources  and 
by  more  widely  varying  methods.  Tests  which  will  more  closely  indicate 
their  probable  service  behavior  after  use  are  still  needed. 

Tests  for  emulsified  asphalts,  first  adopted  by  the  American  Society 
for  Testing  Materials  in  1926,  have  as  the  result  of  subsequent  research 
been  revised  five  times  since  that  date.  Like  many  other  tests  which 
have  been  developed  for  bituminous  material  which  is  to  serve  only  as 
one  component  of  a finished  product,  there  is  need  for  direct  correlation 
of  the  test  to  probable  behavior  of  the  material  during  and  after  combina- 
tion with  mineral  aggregate  components. 

Probably  the  most  important  progress  in  the  testing  of  bituminous 
materials  has  been  made  in  the  field  of  bituminous  mixtures.  As  a result 
of  numerous  researches,  engineers  are  showing  increasing  appreciation  of 
the  fact  that  the  characteristics  of  mineral  aggregates  with  which  the 
bitumen  is  mixed  or  used  are  just  as  important  from  the  standpoint 
of  service  results  as  the  characteristics  of  the  bitumen.  They  are  also 
beginning  to  realize  that  interfacial  relations  between  these  two  basic 
components  which  cannot  in  many  cases  be  determined  by  testing  them 
separately,  is  an  extremely  important  consideration  and  that  within 
rather  close  limits  the  proportions  in  which  they  are  combined  may  mean 
the  difference  between  success  and  failure  under  service  conditions.  It  is 
believed  that  the  day  is  not  far  distant  when  it  will  be  generally  recog- 
nized that  tests  on  bituminous  mixtures  proposed  for  use  are  of  far 

greater  value  in  determining  suitability  and  serviceability  than  are  tests 
on  the  individual  components  before  combination.  When  this  realization 
is  reduced  to  practice  the  problem  of  correlation  of  tests  with  service 
results  will  be  greatly  simplified. 

Tests  on  bituminous  mixtures  may  be  conveniently  divided  into  three 
classes : mechanical,  physical  and  chemical.  A brief  review  of  the  pro- 
gress in  research  along  these  three  lines  may  be  of  interest. 

Mechanical  tests  are  made  on  compacted  bituminous  mixtures  and 
are  designed  to  determine  the  resistance  of  such  mixtures  to  applied 

loads.  Various  methods  have  been  used  to  measure  the  resistance  of 
these  mixtures  to  deformation  at  maximum  service  temperatures  for  the 
purpose  of  determining  the  ability  of  the  mixture  to  retain  its  original 
form  in  the  pavement  under  the  load  and  thrust  of  traffic.  Stability, 
Compression  and  shear  tests  have  been  designed  for  this  purpose  and 
all  have  been  found  to  develop  information  of  practical  value  which  could 
be  correlated  with  service  behavior.  Researches  along  these  lines  by 
Skidmore,  Vokac,  Hveem,  Hubbard  and  Field,  and  various  other  investi- 
gators have  been  published  and  are  known  to  the  majority  of  highway 
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materials  engineers.  Such  a wide  diversity  of  types  of  bituminous  paving 
mixtures  exist  that  no  single  test  may  prove  suitable  for  all  but  there 
is  need  for  standardization  in  this  field  so  that  resistance  of  a mixture; 
to  displacement  under  traffic  can  be  expressed  in  terms  readily  under- 
standable to  the  engineer. 

Resistance  of  bituminous  mixture  to  cracking  under  service  conditions' 
has  generally  been  considered  from  the  standpoint  of  the  characteristics] 
of  the  compacted  mixture  at  low  temperatures.  The  pioneer  work  of! 
Rader  in  this  field  has  pointed  the  way  to  securing  much  valuable  data? 
relative  to  the  probable  service  behavior  of  bituminous  mixtures  in  resist-; 
ing  stresses  created  by  temperature  and  traffic  which  tend  to  produce! 
cracks.  Rader  has  utilized  cross  bending  supplemented  by  impact  tests  in 
his  researches,  and  has  reported  his  findings  in  a number  of  technical 
publications  readily  available  to  the  highway  engineer.  Raschig  and  Doyle 
following  Rader  have  developed  apparatus  for  a simple  and  convenient 
cross  bending  test  and  have  confirmed  Rader’s  conclusion  that  to  resist 
cracking,  high  type  asphalt  mixtures  should  at  low  temperatures  develop 
a relatively  low  modulus  of  elasticity  accompanied  by  a relatively  high 
modulus  of  rupture. 

Physical  tests  of  bituminous  mixtures  are  also  made  on  compacted 
mixtures.  They  include  determination  of  density  or  per  cent  of  voids 
and  water  absorption.  The  former  are  of  especial  value  when  taken  in 
connection  with  the  results  of  mechanical  tests  from  the  standpoint  of 
mixture  design  or  proportioning  of  the  various  components.  Methods  of 
void  determination  are  simple  and  fairly  well  standardized  insofar  as 
determination  of  percentage  is  concerned.  If,  however,  some  practical 
method  could  be  devised  to  determine  the  average  size  of  voids  in  a com- 
pacted mineral  aggregate  the  selection  of  the  most  suitable  consistency 
of  bitumen  for  that  particular  aggregate  would  be  greatly  simplified.  This 
problem  deserves  serious  consideration  on  the  part  of  asphalt  technologists 
who  are  particularly  interested  in  low  cost  asphalt  paving  mixtures  made 
with  liquid  bituminous  materials  as  the  bitumen  carrying  capacity  of 
the  aggregate  is  largely  governed  by  both  the  percentage  and  size  of 
voids  in  relation  to  the  viscosity  of  the  bituminous  material. 

Water  absorption  tests  are  often  of  direct  value  as  related  to  service 
results,  both  in  connection  with  possible  injury  of  the  pavement  due  i 
to  freezing  and  to  interfacial  reactions  between  the  aggregate  particles  j 
and  the  bitumen.  This  test  while  comparatively  simple  deserves  further  j 
study  and  should  be  correlated  with  probable  water  absorption  of  the  j 
mixture  as  it  exists  in  the  pavement.  It  cannot  be  prophesied  from  a > 
determination  of  voids  alone,  as  some  mixtures  containing  a rather  high 
percentage  of  voids  appear  to  seal  themselves  to  water  absorption  at  ex-  : 
posed  surfaces  when  compacted. 

M hat  may  be  designated  as  chemical  tests  of  bituminous  mixtures  are  ■ 
most  commonly  made  on  the  mixture  when  uncompacted  or  in  a loose  I 
state.  Ihe  oldest  of  these  is  the  determination  of  percentage  of  bitumen  ■ 
by  means  of  solution  in  carbon  disulphide  or  benzol.  The  methods  in  : 
common  use  are  reasonably  satisfactory.  However,  methods  of  recovering  | 
the  extracted  bitumen  in  order  to  determine  its  individual  properties  need  : 
further  study.  The  Abson  and  Bussow  methods  are  suitable  primarily 
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for  solutions  of  bitumen  obtained  from  mixtures  containing  asphalt  cement. 
So  far  as  the  author  is  aware  no  acceptable  method  has  as  yet  been 
devised  for  recovering  liquid  bituminous  materials  from  mixtures,  par- 
ticularly when  the  bituminous  material  contains  volatile  constituents.  The 
development  of  an  accurate  method  for  these  materials  would  be  of 
considerable  use  in  connection  with  investigations  of  the  changes  occurring 
in  bituminous  materials  when  incorporated  in  mixtures  subjected  to  actual 
service  conditions  or  to  accelerated  weathering  tests.  The  effect  upon  re- 
covered bitumen  of  centrifuging  the  solution  before  recovery  needs  careful 
investigation  as  evidence  exists  that  in  some  cases  at  least  centrifuging 
throws  out  certain  constituents  of  the  bitumen  so  that  the  characteristics 
of  the  recovered  portion  do  not  truly  represent  the  characteristics  of  the 
bitumen  as  it  exists  in  the  mixture. 

Among  the  more  recently  developed  tests  for  uncompacted  bitumi- 
nous mixture,  those  having  to  do  with  interfacial  relations  between  the 
bitumen  and  the  particles  of  mineral  aggregate  in  the  presence  of  water 
warrant  special  mention.  In  connection  with  bituminous  surface  treat- 
ments and  use  of  open  or  semi-open  type  bituminous  mixtures  such  tests 
are  of  great  importance  and  are  now  being  studied  by  a host  of  investi- 
gators. It  is  now  generally  realized  that  a substantial  proportion  of  mineral 
aggregates  are  hydrophilic  in  character  and  that  many  failures  of  bituminous 
pavements  under  service  conditions  have  been  due  to  the  use  of  such 
aggregates  rather  than  to  faulty  characteristics  of  the  bituminous  ma- 
terials. Nicholson  was  one  of  the  first  investigators  to  emphasize  the 
importance  of  a water  action  or  film  stripping  test  for  bituminous  mixtures 
in  general.  Eberts  and  Powers  had  previously  developed  water  action 
tests  on  mixtures  of  very  finely  divided  mineral  matter  and  bitumen 
designated  as  emulsifying  tests  and  swell  tests.  These  still  are  in  service 
in  evaluating  certain  bituminous  mixtures  but  of  necessity  the  field  has 
been  broadened  to  include  all  sizes  of  aggregates  commonly  used. 

The  Committee  on  Characteristics  of  Asphalts  of  the  Highway  Re- 
search Board  conducted  an  interesting  investigation  of  the  resistance  of 
bituminous  materials  to  film  stripping  which  was  reported  in  the  1937 
Proceedings  of  the  Highway  Research  Board.  A modification  of  the  Nich- 
olson test  was  used  in  this  investigation  by  a rather  large  group  of  co- 
workers  who  concluded  that  the  test  was  too  severe  for  mixtures  made 
with  liquid  bituminous  materials.  Further  modifications  appear  necessary 
to  make  it  generally  applicable  and  there  is  much  room  for  improvement 
in  quantitatively  estimating  the  degree  of  film  stripping  that  may  occur 
under  the  test. 

Researches  reported  by  Saville  and  Axon  in  the  December,  1937  Pro- 
ceedings of  the  Association  of  Asphalt  Paving  Technologists  represent 
an  excellent  approach  toward  correlation  of  service  results  with  film 
stripping  tests.  Two  papers  in  the  same  proceedings,  one  by  Winterkorn 
on  “Testing  the  Adhesion  Between  Bitumens  and  Mineral  Surfaces  with 
Alkaline  Solutions”  and  the  other  by  McLeod  on  “Application  of  Surface 
Chemistry  and  Physics  to  Bituminous  Mixtures”  will  be  of  interest  to  the 
technologist  particularly  concerned  with  this  subject.  It  is  of  further 
interest  to  note  that  a subcommittee  of  the  A.  S.  T.  M.  Standing  Committee 
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on  Road  Materials  has  recently  been  created  to  develop  a standard  test 
for  film  stripping  of  bituminous  mixtures  under  water  action. 

A number  of  the  more  recent  investigations  of  resistance  to  weather- 
ing of  bituminous  materials  mentioned  in  the  first  part  of  this  report  | 
have  been  made  on  bituminous  mixtures  which  have  been  subjected  to 
weathering  or  service  conditions.  The  bitumen  has  then  been  extracted 
and  recovered  to  determine  what  changes  in  characteristics  have  been 
produced.  While  this  appears  to  be  a roundabout  procedure  it  has  cer- 
tain advantages  over  attempts  to  determine  changes  due  to  weathering ; 
of  the  bitumen  in  mass.  It  appears  quite  possible  that  with  further  study  j 
changes  in  physical  properties  of  bituminous  mixtures  under  an  accelerated 
weathering  test  may  be  made  to  yield  as  valuable  information  as  any ; 
similar  test  on  the  original  bitumen  or  the  bitumen  extracted  from  such 
mixtures. 

It  is  realized  that  this  report  is  by  no  means  complete  in  covering  j! 
all  of  the  progress  resulting  in  research  on  the  testing  of  bituminous 
materials.  It  has  been  possible  within  practical  limits  of  a paper  of 
this  sort  to  sketch  in  only  a few  of  the  high  points.  In  conclusion,  how- 
ever, some  mention  should  be  made  of  the  excellent  approach  to  the  de- 
velopment of  tests  for  soil-bitumen  mixtures  in  connection  with  the  wide- 
spread soil  stabilization  program  underway  in  many  of  our  state  highway 
departments.  The  work  of  McKesson  in  this  field,  as  reported  in  the  : 
1935  Proceedings  of  the  Highway  Research  Board  and  that  of  Miller  and 
Klinger  as  reported  in  the  January,  1937  Proceedings  of  the  A.  A.  P.  T. 
are  of  very  great  interest.  A number  of  tests  and  methods  for  evaluating 
such  mixtures,  described  by  these  authors  is  extending  our  knowledge  of 
how  to  measure  characteristics  which  are  considered  desirable  in  soil  asphalt 
mixtures. 


Research  Developments  Related  to  the  Service  Behavior 
of  Bituminous  Materials 
By 

W.  M.  CARNEY,  Chief  Chemist 
and 

F.  R.  GRANT,  Asphalt  Research  Engineer 
Lion  Oil  Refining  Company 


The  “ Service  Behavior  of  Bituminous  Materials”  is  a large  subject 
and  can  cover  most  phases  of  research  work  on  these  materials.  Any 
research  has  as  its  aim  improving  service,  either  by  means  of  a new 
material,  or  by  improving  the  property  of  an  old  one.  However,  we 
will  confine  our  discussion  to  (a)  information  obtained  by  recovering 
bitumen  from  roads  which  have  been  laid  for  a period  of  time;  (b)  in- 
formation obtained  as  to  the  mechanism  involved  in  the  breakdown  of 
bituminous  materials;  (c)  tests  which  have  been  developed  to  predict 
service  behavior;  and  (d)  how  the  engineer  can  possibly  improve  the  serv- 
ice behavior  of  bituminous  materials  through  the  use  of  the  above. 

INFORMATION  GAINED  THROUGH  RECOVERED  ASPHALTS 

We  are  all  familiar  with  the  fact  that  almost  any  paving  material 
disintegrates  either  rapidly  or  slowly  due  to  the  influence  of  the  ele- 
ments. Rapid  change  in  temperature  tends  to  disrupt  a pavement.  The 
expansion  of  freezing  water  will  break  the  bond  of  almost  any  binder. 
Surface  water  or  ground  water  will  often  strip  the  aggregate  of  its 
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bitumen.  And  finally,  light  and  oxygen  will  harden  and  change  the 
character  of  the  bitumen.  Because  of  all  these  complicated  reactions,  j 
many  of  the  research  technicians  have  thought  the  best  way  to  attack 
the  problem  of  “which  bitumen  is  the  best”  is  to  extract  the  same  from 
roads  and  streets  which  have  been  laid  for  a period  of  time  and  have 
given  good  or  bad  results. 

Mr.  Lloyd  F.  Rader1  was  one  of  the  first  men  who  pointed  out,  in  j 
conjunction  with  other  tests,  that  paving  asphalts  continually  lost  pene-  I 
tration  while  in  service.  lie  showed  that  a Mexican  asphalt  of  42  pene- 
tration at  77°  F.  lost  29  points  in  about  twelve  years.  He  also  recorded  j 
a Colombian  asphalt  of  56  penetration  at  77°  F.  losing  22  points  in  nine  j 
years.  Along  with  these  penetration  changes  there  occurred  a rapid  loss  J 
of  ductility.  The  road  surface  became  harder  and  more  brittle.  In  fact, 
the  asphalt  which  was  only  13  penetration  was  cracking  badly,  even  to  j 
the  point  of  failure.  Mr.  Rader  developed  a series  of  low  temperature  j 
tests  on  paving  mixtures  which  he  claimed  would  predict  the  performance  I 
of  various  mixes  in  the  pavement. 

Mr.  Raschig  and  Doyle2  of  the  Standard  Oil  Company  (Ohio)  fol-  I 
lowed  up  this  idea  and  further  demonstrated  how  asphalts  hardened.  In  | 
their  investigation  they  showed  that  there  was  a great  variance  with  the  j 
different  asphalts  used.  For  example,  one  street  laid  in  1928  with  48  i 
penetration  asphalt  was  still  as  high  as  33  penetration  at  77°  F.  in  j 
1936,  while  another,  laid  during  the  same  year,  was  only  12  penetration  | 
at  77°  F.  Another  pavement  dropped  from  47  to  10  penetration  at  77°  I 

F.  in  only  six  years.  Although  some  of  this  hardening  could  be  accounted  I 

for  by  overly  hot  mixers,  etc.,  they  showed  that  there  was  a wide  variance  I 
in  asphalt  of  different  physical  and  chemical  properties.  These  investiga-  j 

tors  were  inclined  to  trust  the  “five  hour  loss  in  heating”  test  and  i 

“other  cold  temperature  tests”  for  predicting  the  behavior  of  an  asphalt  ! 
in  service. 

Mr.  J.  W.  Powers3  reported  before  this  conference  last  year  on  ex-  : 
tr acted  bitumens  in  the  state  of  Arizona.  He  found  the  same  general  i 
loss  in  penetration  and  also  a great  variance  in  different  asphalts.  His  jj 
report  showed  that  any  surface  with  asphaltic  cement  of  6 penetration  j< 
at  77°  F.  or  under  was  badly  cracked.  Pie  reported  the  same  loss  in  due- 1 
tility  in  these  hard  cements,  and  a corresponding  rise  in  softening  point  i| 
(R&B). 

Mr.  Powers3  also  investigated  the  loss  in  penetration  by  ordinary  j| 
mixing  in  an  asphalt  plant  at  temperatures  of  265°  F.  to  305°  F.  Here  i 
he  states : ‘ ‘ The  penetrations  of  the  extracted  asphalt  varied  little  if 
any  from  that  which  would  normally  be  expected  when  mixes  are  kept 
in  sealed  containers.”  This  is  in  contrast  with  the  results  reported  by  Mr.  I 
Tom  Brannan4,  of  the  Ohio  State  Highway  Testing  Laboratory,  who  calls 
attention  to  “the  high  penetration  drop  in  asphaltic  cements,  which 
average  about  25%  even  when  plant  temperatures  and  mixing  times  I 
are  kept  within  the  limits  of  the  state  specifications.”  This  statement  is 
further  confirmed  by  Mr.  Hubbard  and  Gallomb15  in  their  studies  of  the 
hardening  of  asphalt  in  pavements.  This  difference  may  have  been  due : 
to  the  difference  in  the  asphaltic  cement  or  to  some  difference  in 
technique. 


150— 


The  only  conclusion  that  all  these  investigators  can  agree  upon  is 
that  the  softer  the  asphalt,  provided  proper  stability  is  obtained,  the 
better  and  more  serviceable  is  the  pavement. 

When  road  oil  mixes  are  considered,  a great  amount  of  information 
concerning  the  recovered  bitumen  is  available.  Below  is  given  a table 
showing  some  results  obtained  by  the  Arkansas  State  Highway  Depart- 
ment. All  recoveries  were  made  by  the  Gene  Abson  method,  and  re- 
covery was  effected  the  same  day  as  the  extraction.  The  first  eight 
samples  were  windrow  samples.  The  other  samples  were  dug  from  the 
pavement  very  shortly  before  the  tests  were  made.  The  oil  used  was 
Oliensis  Negative. 

It  will  be  noted  that  the  first  four  samples  had  developed  hetero- 
genity  and  that  the  ductility  dropped  to  a measurable  quantity.  All  of 
the  other  recovered  bitumens  were  Oliensis  Negative  and,  with  the  ex- 
ception of  one  sample  of  6192,  had  150— |—  ductility.  The  lower  ductility 
of  this  one  specimen  was  probably  due  to  the  large  amount  of  mineral 
matter  retained  in  the  bitumen.  Of  interest  also  is  the  greater  loss  in 
penetration  of  the  samples  from  Job  No.  6189.  This  job  was  a retread 
open-type  surface,  while  all  others  were  dense  graded  mixtures. 

Mr.  Benson26  before  this  body  last  year  pointed  out  that  tests  on 
the  recovered  bitumen  from  road  oil  mats  indicated  that  those  asphalts 
having  a high  percentage  soluble  in  carbon  tetrachloride  were  producing 
surfaces  of  better  quality  than  those  materials  having  low  solubility.  He 
also  stated  that  good  ductility,  when  the  road  oil  was  reduced  to  a low 
penetration  by  the  A.  S.  T.  M.  Method  243-28T,  was  a very  desirable 
feature. 

Mr.  Zapata5  noticed  the  great  variation  between  “mats”  identically 
made  except  for  the  source  of  the  road  oil.  He  therefore  made  a study 
of  the  constituents  in  the  oil  at  the  end  of  various  periods  of  time  after 
the  “mat”  had  been  laid.  He  reports  the  “hard  asphalts”  portion  in- 
creasing from  15.4%  when  laid  to  19.6%  after  18  weeks. 

Also  Mr.  Raschig  and  Doyle  report  that  the  general  hardening  takes 
place  in  other  types  of  asphaltic  surfacing  materials  Resides  those  used 
in  sheet  asphalt  and  asphaltic  concrete. 
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TESTS  ON  RECOVERED  ASPHALT 
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Recoveries  made  in  February,  1938. 

All  jobs  were  dense  graded  except  6189,  which  was  a retread  surface. 
(Compliments  of  Mr.  Wales  and  Mr.  Roark — Arkansas  Highway  Department.) 


PHYSICAL  AND  CHEMICAL  MECHANISM  INVOLVED  IN  THE 
BREAKDOWN  OF  BITUMINOUS  MATERIALS 

From  the  work  cited  above,  it  is  established  that  the  bitumen  in 
a road  surface  does  harden  and  lose  its  life,  causing  failure  of  the  road 
surface.  Let  us  now  see  what  recent  investigation  has  provided  in  the 
way  of  an  understanding  of  mechanism  of  this  break  down. 

Mr.  E.  0.  Rhodes  and  PI.  E.  Gillander6  have  given  us  a rather  com- 
plete picture  of  the  way  in  which  tar  breaks  down.  By  controlling  the 
conditions  so  that  evaporation,  oxidation,  polymerization,  effect  of  light 
and  water  could  be  studied  separately  or  in  unison,  they  were  able  to 
determine  the  effect  of  each  and  its  magnitude.  Their  results  confirm 
the  work  done  by  Sabron  and  Renaudie7  that  evaporation  is  the  most 
active  reaction  and  then  oxidation  and  polymerization  follow.  Light  has 
only  a very  small  part  to  play,  and  water  almost  none.  With  this  in 
mind  it  can  easily  be  seen  that  a dense  mix  is  imperative,  and  the  life 
of  the  surface  is  governed  by  this  feature. 

The  decomposition  of  asphalts  is  not  so  easy,  and  therefore  some 
understanding  of  its  make-up  must  be  had.  Asphalts  (8,  9,  10,  11,  12) 
Bibl.  are  considered  to  be  composed  of  asphaltenes,  asphaltic  resins,  and 
oily  constituents.  Nellensteyn11  and  others  consider  that  these  constituents 
are  combined  as  a protected  lyophobe  sal  with  the  oily  constituent  as 
the  medium  and  the  asphaltenes  as  the  dispensed  lyophobe  portion  pro- 
tected and  possibly  peptized  by  the  asphaltic  resins.  That  is,  asphalts 
are  made  up  of  a colloid,  mainly  carbon,  held  in  suspension  and  pro- 
tected by  resins.  These  resins  slowly  grade  into  oils,  and  are  in  solution 
in  oils. 

In  many  asphalts  the  colloidal  dispension  is  of  such  a nature  that 
time  hardening  occurs.  Mr.  Traxler  and  Combs8  have  developed  an 
asphalt  aging  index  and  have  developed  a test  which  will  showT  visually 
the  thixotropic  nature  of  certain  asphalts.  The  significance  of  age  harden- 
ing to  service  behavior  of  paving  cements  is  not  entirely  known.  It  is 
known  that  highly  blown  asphalts  show  the  most  time  hardening  and 
some  of  the  best  paving  cements  show  almost  none.  This  test  will  be 
discussed  later. 

Not  only  does  the  colloidal  structure  of  asphalt  show  time  hardening, 
but  Mr.  Benson13  has  pointed  out  that  upon  microscopic  examination 
certain  films  of  bitumen  which  have  been  exposed  to  heat  show  a definite 
coagulation  and  finally  due  to  lack  of  homogeneity.  The  reaction  of  the 
coagulated  portion  of  the  film  to  solvents  might  indicate  that  Mr.  Traxler 
and  Mr.  Benson  are  attacking  the  same  problem  from  a different  angle. 

Besides  a rearrangement  of  the  different  constituents  of  asphalt, 
each  one  of  the  constituents  are  affected  differently  by  oxygen  and 
light.  Mr.  Thurston  and  Knowles14  have  shown  that  the  asphaltenes 
are  the  most  easily  oxidized  and  that  this  oxidation  is  an  absorption 
of  oxygen.  The  oils  are  the  least  easily  oxidized  and  lose  weight  when 
this  occurs.  The  resins  are  between  these  two  extremes.  Of  course  the 
asphaltenes  are  supposed  to  be  protected  from  the  weather  by  the  petro- 
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leum  resins  and  the  oils  so  that  the  rapid  oxidation  of  the  asphaltenes  I 
may  not  be  so  serious  a matter. 

The  effect  of  light  upon  asphalts  has  been  studied  by  many  persons,  j 
Mr.  Sdrieter16  has  developed  a weathering  test  for  roofing  materials,  in 
which  the  main  factor  is  an  ultra  violet  light.  He  has  found  that  asphalt 
develops  a decomposition  product  which  is  soluble  in  water  and  is  in  a ; 
large  measure  responsible  for  the  failure  of  asphalt  coating.  Tests  carried 
on  with  paving  materials  are  not  as  conclusive,  but  it  is  recognized  that 
light  does  have  a definite  part  to  play  in  the  decomposition  of  asphalt. 

Now,  if  an  asphalt  can  fail  in  all  of  these  different  ways,  how  does  < 
it  manage  to  last  any  length  of  time  on  the  road?  Do  actual  exposure  i 
tests  confirm  these  reactions.  Mr.  R.  H.  Lewis17  has  made  actual  exposures  j 
of  films  to  the  weather,  and  has  found  “hardening  . . . that  may  be  at-  . 
tributed  to  oxidization,  polymerization,  and  carbonization”.  Mr.  Benson13  | 
states:  “The  results  of  natural  weathering  agree,  in  general,  with  the  j 
results  obtained  by  other  tests,  although  differences  in  time  exist”.  It 
is  fortunate  for  the  road  builder  that,  although  these  reactions  described  | 
above  do  go  on,  they  are  very  slow  in  at  least  some  of  the  asphalts. 

Now  let  us  consider  the  tests  which  have  been  developed  to  exclude 
those  less  desirable  asphalts : 

A CRITICAL  DISCUSSION  OF  TESTS  DEVELOPED 
TO  PREDICT  SERVICE  BEHAVIOR 

1.  Adhesion  tests  of  different  kinds  are  being  proposed.  These  are 

of  the  most  importance  to  the  highway  engineer,  however,  since  this  : 
subject  is  being  discussed  in  another  paper,  we  will  leave  it  without  ‘ 

further  comment. 

2.  The  Oliensis18  spot  test  detects  a heterogeneity  of  a certain  type  : 

It  does  not  necessarily  separate  the  bitumen  which  will  give  good  service  ■ 
from  that  which  will  give  poor  service,  but  it  does  enable  the  engineer  ; 

to  tell  the  “state  that  is  introduced  into  a petroleum  asphalt  through 

subjecting  it  during  the  refining  operation  to  temperatures  higher  than 
is  normal  in  the  ordinary  steam  refining  or  vacuum  process”.  To  this  ; 

extent  it  is  an  excellent  test  and  deserves  its  wide  popularity. 

3.  The  “Fluidity  Factor”  introduced  by  Zapata19  is  a test  which  I 
has  been  introduced  as  determining  the  source  of  the  asphalt  the  same  ! 
as  the  V.  I.  could  determine  the  source  of  lubricating  oils  before  solvent 
treatment  was  developed.  The  test  is  based  on  the  idea  that  certain  vis- 
cosity characteristics  can  be  obtained  by  one  and  only  one  combination 
of  the  constituents  of  the  asphalt.  However,  this  is  not  true.  In  asphalts,  . 
the  same  as  in  lubricating  oils,  a low  rate  of  change  of  viscosity  with 
temperature  change  can  be  obtained  either  by  the  use  of  highly  satura-  ; 
ated  non-polar  compounds,  or  by  the  presence  of  colloidal  matter.  In 
the  case  of  Mexican  asphalt  the  low  rate  of  change  of  viscosity  is  due  ! 
to  a large  amount  of  colloidal  matter.  In  another  bitumen  from  a mid- 
continent source,  which  has  a high  fluidity  factor,  the  insolubility  in  > 
86°  Be  Naphtha  is  very  low  but  the  lubricating  oil  fraction  obtained  from 
the  crude  from  which  this  oil  is  made  has  a high  Y.  I. 
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This  general  contention  is  borne  out  by  a simple  experiment  per- 
formed by  the  authors.  A base  flux  of  good  ductility  but  low  fluidity 
factor  was  obtained.  To  two  portions  of  this  flux  two  different  oils  were 
added  in  such  quantity  that  an  SC-6  road  oil  was  obtained.  The  first 
was  a high  V.  I.  Pennsylvania  oil.  The  other  was  a low  Y.  I.  oil.  These 
two  samples  were  then  heated  according  to  the  A.  S.  T.  M.  test  for  residue 
at  specified  penetration.  The  results  are  shown  below : 


Original  flux : 

Float  at  122°  F. 

281  sec. 

Insol.  in  86°  Be  naphtha 

9.2% 

Low  V.  I.  Oil: 

Flash,  Cleveland  0.  C. 

345°  F. 

Yis.  Saybolt-LTniv./100°  F 

138  sec. 

Yis.  Saybolt-Univ./210°  F. 

41 

Yiscosity  Index 

56 

High  Y.  I.  Oil: 

Flash,  Cleveland  O.C.  425°  F. 

Yis.  Saybolt  Univ./100°  F.  199  sec. 
Yis.  Saybolt  Univ.  210°  F.  47 
Viscosity  Index  106 


% 

Fu  rol  Vis. 
@ 140°  F. 

% Res. 

Pen.  @ 

Duct. 
39.2°  F. 

Vis.  Wis. 
Furol  Fluidity 

Fluxing 

% 

of  Road 

100  pen. 

77°  F. 

5 cm/min. 

275°  F 

Factor 

Oil 

Flux 

Oil  (Sec) 

Av.  2 tests 

of  res. 

(cm) 

res. 

Blend  with  High 

Y.I.  Oil  30 

70 

490 

79.0 

100 

6% 

231 

131 

Blend  with  Low 

V.I.  Oil  30 

70 

449 

76.3 

99 

7 

210 

110 

Now  it  may  be  asked  of  what  importance  is  this  as  far  as  the  service 
behavior  of  the  asphalts  is  concerned.  In  lubricating  oil,  provided  no 
additive  compounds  are  used,  it  is  generally  conceded  that  the  more  the 
low  Y.I.  products,  or  resins,  are  removed,  the  lower  is  its  film  strength. 
That  is  to  say,  the  higher  the  V.I.  of  the  oil  is,  the  less  does  that  oil  tend 
to  adhere  to  another  surface.  This  is  exactly  opposite  of  what  we  want 
in  a paving  material.  It  may  be  quite  true  that  an  asphalt  with  a certain 

viscosity  is  needed  in  order  to  obtain  the  desired  permanent  film  thick- 

ness on  the  aggregate,  but  it  is  not  desirable  to  obtain  this  viscosity  by 
the  use  of  oils  with  low  adhesions. 

Although  it  is  too  early  to  evaluate  the  quality  of  the  roads  it  is 
true  that  the  roads  built  with  the  high  fluidity,  low  insolubility  in  86° Be 
naphtha,  have  given  different  results  from  the  other  type  of  oil. 

So  let  us  conclude  that  “ Fluidity  factor”  by  itself  does  not  insure 

a bituminous  material  of  a certain  type.  If  it  were  combined  with  some 
test  like  the  insolubility  in  86°Be  naphtha  it  might. 

4.  Another  specification  which  is  intended  to  insure  quality  is  the 
“ sulfur  clause.”  Mr.  Nicholson21  has  pointed  out  “that  sulfur  seems  to 
have  a great  influence  on  the  viscosity  properties  of  the  asphalts.”  Also 


—155— 


Mack1"  has  pointed  out  that  certain  sulfur  compounds  seem  to  aid  in  the 
dispersion  of  asphaltenes.  However,  there  must  be  much  more  research 
done  before  the  role  of  sulfur  in  asphalt  is  understood. 

5.  A fifth  test  which  has  attained  great  popularity  is  the  low  tern-] 
perature  ductilities.  The  thought  is  that  the  asphalt  must  be  ductile  at  J 
low  temperatures  because  of  the  great  contraction  and  expansion  to  which 
the  pavement  is  subjected  in  cold  weather.  A valuable  addition  to  this  j 
test  is  the  ductility  tension  test  developed  by  Mr.  Grant  and  Mr.  Pullar22.  | 
The  idea  behind  this  test  is,  as  Professor  Neumann23  has  pointed  out,  •; 
that  a certain  strength  is  necessary  in  bituminous  materials.  Also,  it  ap-  I 
pears  as  though  a characteristic  curve  for  an  asphalt  of  definite  composi-  i 
tion  could  be  developed  if  the  specimen  is  tested  at  a lower  tempera- 1 
ture  than  77°  F.  This  test  might  give  the  engineer  a quick,  simple  way  I 
of  obtaining  an  idea  of  the  percentage  of  resins,  percentage  of  oils,  and  j 
percentage  of  asphaltenes. 

6.  As  has  been  previously  mentioned,  there  are  two  tests  which  have  I 
been  developed  recently  to  determine  the  probability  of  the  bitumen  j 
remaining  homogeneous  after  it  has  been  in  service.  One  of  these  is  j; 
Mr.  Benson’s13  coagulation  test.  This  test  does  appear  to  have  great  merit  I 
and  does  seem  to  be  correlated  with  service  behavior.  The  other  test  is  1 
the  etching  of  bituminous  surfaces  as  developed  by  Mr.  Traxler.  It  is  ] 
a test  which  shows  the  amount  of  time  hardening  which  will  occur  due  j 
to  the  rearrangement  of  the  colloidal  structure  of  the  asphalt.  The  results  j 
of  this  test  may  be  correlated  with  those  obtained  with  Benson’s  test,  j 
The  exact  field  and  function  of  this  test  has  not  been  determined  but  | 
should  be  given  serious  consideration. 

7.  Finally,  Mr.  Nicholson24  has  developed  one  and  Mr.  Raschig  and  ' 
Doyle  another,  both  very  practical,  oxidation  tests  for  determining  what  j 
the  penetration  drop  is  of  different  asphalts  during  the  time  of  mixing  in 
hot  mixes.  This  test  should  be  of  great  service  in  selecting  an  asphalt  which  ! 
will  not  harden  excessively  during  this  operation. 

Now  in  addition  to  the  tests  which  have  been  discussed,  it  is  hoped 
that  some  accurate  and  easy  tests  will  be  developed  to  evaluate  the  I 
properties  of  the  various  constituents  of  asphalt,  especially  the  resins.  I 
For  if  the  resins  extracted  by  the  Furfurol  and  Duosol  processes  are  j 
representative,  it  is  the  resins  which  have  the  binding  power  and  the  I 
only  constituent  that,  by  themselves,  can  bind  the  aggregate  together 
to  form  a road.  There  should  be  tests  to  evaluate  both  the  quantity  and 
quality  of  these  constituents. 

THE  IMPROVEMENT  OF  SERVICE  BEHAVIOR 

In  summarizing  this  discussion,  the  ways  of  obtaining  better  service  j 
behavior  will  be  discussed. 

We  have  seen  that  there  is  considerable  hardening  during  prepara-  ; 
tion  of  bituminous  mixes.  To  reduce  this  hardening  to  a minimum,  an  ; 
asphalt  should  be  selected  which  shows  the  lowest  rate  of  hardening  by  \ 
an  oxidation  test,  provided  it  has  other  good  characteristics.  Then,  since  1 
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the  amount  of  hardening  is  directly  proportional  to  the  temperature 
of  mixing  and  the  length  of  time  the  material  is  mixed,  both  should  be 
kept  to  an  absolute  minimum. 

The  judging  of  an  asphalt  which  has  the  proper  constituents  is  much 
more  difficult.  It  is  known  that  if  the  oily  constituents  are  increased  so 
that  they  are  in  excess  of  50%  of  the  total  bitumen  in  a 50  penetration 
asphalt,  a product  is  obtained  which  has  low  ductility,  low  susceptibility 
to  temperature,  low  tensile  strength,  and  a tendency  to  rapid  time  harden- 
ing. On  the  other  hand,  if  the  resins  are  increased  we  get  great  sus- 
ceptibility to  temperature  change  but  good  ductility.  The  asphaltenes  in 
themselves  are  a powder,  but  when  added  to  the  resins  they  decrease 
temperature  susceptibility,  add  strength,  and  increase  viscosity.  Now,  there 
is  a proper  proportion  which  will  give  the  desired  material.  The  engineer 
or  chemist  has  to  decide  what  proportions  are  necessary.  He  then  can 
obtain  the  material  by  a “ source”  specification  which  may  not  contain 
any  tests  for  the  desired  qualities,  or  he  may  write  a quality  specifica- 
tion only.  The  chemist  is  just  now  beginning  to  provide  the  necessary 
information  to  do  the  latter,  and  as  yet  there  is  almost  no  one  who  knows 
just  how  to  apply  the  information  gained. 

From  a refiner’s  viewpoint  it  is  somewhat  easier.  After  the  engineer 
has  written  his  specification  he  can  blend  products  from  the  same  crude 
or  different  crudes  to  obtain  the  desired  results,  as  has  been  pointed  out 
so  ably  by  Mr.  Holmes  and  Mr.  Raphael20. 

In  addition  to  obtaining  the  proper  percentage  of  the  various  consti- 
tuents, it  is  necessary  to  be  sure  that  the  constituents  are  of  the  proper 
character.  This  is  where  Mr.  Benson’s  test,  the  Oliensis  spot  test,  and 
others  should  be  used. 

In  closing,  let  it  be  said  that  as  yet  nothing  has  been  found  which 
can  be  substituted  for  the  experience  and  good  judgment  of  the  engineer. 
July  20,  1938. 
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Progress  in  Research  as  Applied  to  Maintenance 
of  Bituminous  Surfacing 

By 

F.  N.  HVEEM 

Senior  Physical  Testing  Engineer 
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California  Division  of  Highways 

A study  of  the  inter-relation  between  I 
research  and  maintenance  of  bituminous  I 
surfaces,  as  implied  in  the  title  of  this  pa-  !| 
per,  seems  at  first  to  lead  to  the  coneln-  I 
sion  that,  strictly  speaking,  organized  re- 1| 
search  is  not  often  aimed  directly  at  solv- 1| 
ing  the  problems  of  the  maintenance  man.  il 
That  is  to  say,  methods  and  technique  uti- 
lized by  maintenance  departments  for  the  II 
purpose  of  correcting  existing  faults  or  j 
damage  to  bituminous  surfaces  have  not 
often  been  made  the  subject  of  research  as 
the  term  is  applied  in  the  laboratory. 

For  the  most  part,  maintenance  me- 
thods and  operations  are  the  result  of  ex-  !| 
perience  gained  through  trial  and  error  • 
methods.  This  is  in  no  sense  a disparage- 
ment of  such  procedures.  It  may  be  said 
of  the  maintenance  man,  as  it  has  been  i 
said  of  his  mother,  his  “work  is  never  done.”  Confronted  with  unlimited 
places  which  loudly  demand  attention  and  money,  and  with  limited  funds,  | 
the  maintenance  man  in  every  locality  is  an  excellent  example  of  a busy  j 
individual  confronted  with  hard  facts  and  stark  realities,  and  it  is  not 
surprising  if  he  seems  to  have  little  time  for  theoretical  considerations. 

However,  a broader  consideration  of  the  application  of  research  to  j 
maintenance  indicates  that  in  the  end  almost  the  sole  purpose  of  research 
is  to  reduce  the  cost  of  maintenance.  Even  though  some  work  is  done  j 
primarily  to  discover  cheaper  ways  of  achieving  satisfactory  results,  never- |l 
theless  the  term  “satisfactory”  implies  always  durability  and  minimum 
maintenance  expense,  so  that  regardless  of  the  particular  problem  investi- ] 
gated,  the  maintenance  department  is  generally  the  ultimate  beneficiary. 

If  highway  organizations  are  viewed  in  a narrow,  somewhat  sub-1 
jective  sense  as  a group  of  separate  departments  or  individuals  invested  ij 
with  separate  responsibilities  and  interests,  the  maintenance  man  inherits  I 
the  benefits,  if  any,  from  research  work;  whereas  the  construction  man 
frequently  bears  the  burden  of  applying  new  ideas,  and  to  him  the  re- 
searcher is  mostly  a nuisance.  Actually,  of  course,  work  of  the  separate1 
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departments  does  not  usually  have  a clean-cut  separation.  Both  construc- 
tion and  maintenance  departments  do  occasional  experimental  and  most 
maintenance  departments  do  considerable  construction  work,  but  the  net 
results  are  much  the  same,  namely,  that  innovations  may  add  to  the  ex- 
pense and  difficulty  during  construction.  Therefore,  for  a given  type  of 
construction  the  justification  for  added  expense  can  only  lie  in  a com- 
mensurate reduction  in  maintenance  costs.  This,  of  course,  does  not  imply 
that  more  expensive  types  of  construction  need  be  used.  It  is  only  meant 
to  consider  the  improvement  of  the  particular  type  which  may  or  may  not 
involve  some  additional  expense. 

In  other  words,  if  certain  new  procedures  or  processes  are  actually 
an  improvement,  the  improvement  can  usually  b eguaged  only  in  terms  of 
better  service,  and  if  sufficient  saving  in  maintenance  cost  is  possible,  an 
increased  first  cost  might  be  economically  sound.  Of  course,  really  effective 
research  should  reduce  both  construction  and  maintenance  costs,  and  make 
everybody  happy. 

It  seems  that  a discussion  of  the  effect  of  research  on  maintenance 
can  rightfully  include  virtually  all  research  related  to  the  construction 
of  highways. 

Taking  up  specific  cases  and  application  by  dividing  the  work  under 
separate  headings,  first  and  inescapably  comes : 

(1)  Subgrade  Difficulties.  So  much  has  been  said  and  written  about 
the  need  for  adequate  foundations  that  one  only  states  the  obvious  in 
stressing  the  need  for  good  subgrades.  In  passing,  it  is  interesting  to 
note  that  while  there  are  only  a few  subjects  on  which  highway  engineers  are 
in  anything  like  universal  agreement,  nevertheless  there  is  no  argu- 
ment on  this  point.  Sad  to  relate,  however,  many  roads  are  still  being 
built  on  foundations  and  subgrades  that  leave  much  to  be  desired. 

Research  aimed  at  improvement  of  subgrade  conditions  has  been 
carried  on  for  a number  of  years  and  is  still  energetically  under  way 
in  many  organizations.  The  first  and  simplest  improvement  usually  consists 
of  adequate  drainage  accomplished  by  deepening  side  ditches  and  so  on. 
While  raised  grade  lines  or  deepened  ditches  are  frequently  effective, 
there  is  a tendency  toward  increased  traffic  hazard,  and  if  deep  ditches 
are  built  with  gentle  shoulder  slopes,  costs  often  become  a serious  item, 
and  at  best,  deep  side  ditches  are  frequently  inadequate  to  remove  water 
from  heavy  soils. 

The  assumption  that  ground  water  will  always  obligingly  run  down 
hill  and  drain  from  all  manner  of  materials  by  gravitational  flow  is 
distinctly  at  variance  with  the  facts.  Gravel  filled  drains  either  with  or 
without  tile  or  perforated  metal  pipe  have  been  used  with  some  success, 
but  are  extremely  liable  to  become  inoperative  due  to  silting  up  and 
are  likewise  often  ineffective  because  capillary  water  does  not  choose 
to  move  exclusively  down  grade. 

Therefore,  another  line  of  attack  has  been  developed,  namely  the 
stabilizing  of  adverse  soils  so  that  they  will  not  be  too  readily  affected 
by  water.  The  term  “soil  stabilization”  has  become  about  as  all-inclusive 
and  generally  vague  as  the  term  “good  engineering  practice.”  It  ap- 
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parently  may  be  used  to  express  almost  anything  that  the  speaker  or 
writer  has  in  mind. 

Nevertheless,  the  findings  of  the  researcher  in  soil  mechanics  only  con- 
firm what  rule  of  thumb  practice  and  common  sense  have  long  recog- 
nized, namely,  that  plastic,  lubricated  clay  and  heavy  soils  are  improved 
by  the  addition  of  granular  materials  which  increase  the  internal  friction, 
and  that  loose,  cohesionless  sands  can  be  improved  by  the  addition  of 
proper  quantities  of  clay  to  supply  the  cohesion  which  is  lacking.  This, 
in  its  simplest  form,  is  soil  stabilization  by  judicious  combinations  of 
existing  natural  soil,  sand,  gravel,  or  stone. 

Another  attack  on  the  problem,  which  is  being  largely  investigated  and 
developed  by  organizations  seeking  outlets  for  commercial  products,  in- 
volves the  addition  of  certain  artificial  ingredients  such  as  road  oils, 
bituminous  emulsions,  portland  cement,  and  sodium  and  calcium  salts.  The 
intent  in  each  case  is  to  preserve  some  desirable  state  of  equilibrium. 
In  the  case  of  bituminous  materials  and  portland  cement,  the  chief  purpose 
is  to  provide  a water-resistant  mixture  that  will  not  soften  or  lose  supporting 
power  when  wet.  Use  of  the  various  hygroscopic  salts  is  based  on  the  ob- 
servation that  most  soils  are  satisfactory  with  a certain  optimum  mois- 
ture content.  While  California  experience  is  limited,  it  appears  that  this 
treatment  would  be  most  successful  when  applied  to  a stable  soil,  one 
which  did  not  become  readily  lubricated. 

On  the  other  hand,  if  an  existing  soil  can  be  economically  treated  so 
that  it  will  not  absorb  excess  water,  it  may  be  expected  to  retain  the 
supporting  power  which  is  characteristic  of  that  soil  in  the  comparatively 
dry  state.  Even  the  most  adverse  soils  will  usually  support  a pavement 
satisfactorily  as  long  as  the  moisture  content  is  below  a certain  maximum. 

Failures  of  pavement  surfaces  due  to  lack  of  subgrade  support  un- 
doubtedly represent  the  largest  number  of  road  surface  failures  chargeable 
to  any  one  cause.  This  lack  of  support  is  practically  always  due  to  two 
factors — one,  the  existance  of  a soil  which  is  readily  lubricated  by  water ; 
second,  the  presence  of  moisture  to  provide  the  lubrication.  Moisture 
may  enter  the  subgrade  either  by  capillary  action,  water  being  drawn 
up  through  the  soil  by  a force  which  is  commonly  termed  “capillarity” 
(which  is  a misnomer  in  that  the  source  of  the  attraction  does  not  rest 
in  the  soil  pores  but  rather  on  the  surfaces  of  the  particles  themselves) 
or  water  may  enter  the  subgrade  through  a porous  pavement,  and  examples 
of  failures  from  this  cause  are  numerous.  It  is  probably  true,  however, 
that  more  foundation  trouble  results  from  ground  water  than  from  water 
entering  through  the  pavement,  as  it  is  usually  possible  to  seal  the 
pavement  successfully. 

The  placing  of  seal  coats  to  prevent  the  entrance  of  rain  and  snow 
water  may  at  times  defeat  its  own  purpose,  as  it  has  been  pointed  out 
elsewhere1  that  many  road  surfaces  of  local  material  or  water-bound 
gravel  have  reached  a satisfactory  equilibrium  in  which  the  moisture  ris- 


1.  F.  N.  Hveem,  “Some  Basic  Factors  and  Their  Effect  on  the  Design  of  Bituminous 
Mixtures,”  Proceedings  of  the  Montana  National  Bituminous  Conference,  1937. 

Milton  Hersey  Company,  Ltd.,  Montreal,  “Notes  on  the  Design  and  Construction 
of  Bituminous  Pavement  Mixtures,”  page  60. 
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ing  from  the  subsoil  is  dissipated  by  evaporation  at  a sufficient  rate  to 
prevent  undue  accumulation.  If  this  same  road  surface  is  covered  with 
a tight  pavement  or  seal,  evaporation  will  be  stopped  and  moisture  ac- 
cumulated both  by  saturation  of  the  pores  from  capillary  moisture  and 
from  condensation  of  the  vapor  in  the  upper  layers.  It  should  be  realized 
that  the  penetrating  capacity  of  water  in  the  vapor  state  is  much  greater 
than  the  liquid,  and  attempts  to  interrupt  capillarity  by  placing  open 
gravel  with  large  pores  will  not  obstruct  the  passage  of  water  vapor, 
which  may  condense  above  the  open  layer. 

If  there  is  nothing  above  the  granular  strata  which  is  susceptible 
to  damage,  no  harm  will  result.  However  there  is  good  reason  to  believe 
that  many  failures  of  dense  graded  oil  mix  type  of  surfacing  are  directly 
due  to  water  vapor  rather  than  to  capillary  water. 

Laboratory  experiments  have  been  made  in  which  dense  graded  bitumi- 
nous mixtures  were  compacted  to  the  equivalent  of  pavement  density  in 
the  form  of  briquettes  2"  deep  in  a cylindrical  steel  mold  4"  in  diameter. 
Specimens  were  prepared  in  duplicate,  one  sample  being  covered  with  a 
seal  coat,  and  the  companion  specimen  left  untreated.  All  samples  were 

placed  in  saturated  sand  and  exposed  to  the  sun  for  a period  of  one  month. 
At  the  end  of  that  period  all  samples  were  tested  for  stability.  In  every 

case,  the  samples  covered  by  the  seal  coat  were  less  stable  than  those 

without  seal.  The  difference  in  stability  was  not  great  in  the  case  of  a 
well  designed  mixture,  but  was  very  great  in  the  samples  known  to 
contain  high  percentages  of  clay,  and  adverse  material. 

One  interesting  fact  brought  out  was  that  even  though  the  sealed 
specimens  had  all  suffered  a loss  in  stability,  nevertheless  the  moisture 

content  as  determined  by  increase  in  weight  was  only  moderately  higher 
than  in  the  unsealed  specimens. 

The  tests  were  not  comprehensive  enough  to  be  cited  in  detail  to  prove 
this  point  beyond  question,  but  nevertheless  results  are  in  line  with 
observations  made  in  the  field,  i.  e.  that  a relatively  small  amount  of 
moisture  entering  a bituminous  mixture  in  the  vapor  state  may  cause  more 
damage  than  larger  amounts  present  as  capillary  water. 

Therefore,  in  original  construction  some  thought  must  be  given  to 
the  problem  as  to  whether  it  is  imperative  to  seal  the  surface  against 
precipitation  moisture  or  whether  there  is  more  water  rising  annually  from 
below  than  falls  as  rain  or  snow.  Many  arid  or  semi-desert  regions,  par- 
ticularly valley  areas  adjacent  to  high  mountain  ranges,  have  considerable 
ground  water  which  apparently  rises  steadily,  and  the  relative  profusion 
of  green  flourishing  desert  plants  on  both  sides  of  some  of  our  oiled  high- 
ways seems  to  prove  definitely  that  they  are  drawing  moisture  from  a 
reservoir  created  beneath  an  impervious  pavement.  One  wonders  if  a 
judicious  selection  of  roadside  plants  might  offer  the  possibility  of  re- 
ducing excess  moisture  beneath  pavement  slabs.  The  ideal  plant  might 
be  difficult  to  obtain,  however.  Desert  plants  have  tremendous  root  sys- 
tems and  are  very  efficient  in  gathering  moisture,  but  have  little  ability 
to  dissipate  the  moisture  from  their  foliage.  Plants  which  are  efficient 
in  exhaling  moisture  from  their  foliage  probably  lack  the  far-reaching 
root  system  which  would  be  necessary.  It  appears  to  be  a problem  for 
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the  arboriculturist  who  might  thus  lend  a hand  in  stabilizing  subgrades 
of  existing  roads  where  reconstruction  is  not  possible.  It  may  be  noted 
in  passing  that  the  amount  of  moisture  evaporated  into  the  atmosphere 
from  a grove  of  trees  is  much  greater  than  that  from  the  same  area  of  a 
lake  or  pond. 

There  are,  however,  other  failures  also  attributable  to  subgrade  condi- 
tions where  the  cause  may  be  more  obscure.  Certain  types  of  soil  possess 
a considerable  degree  of  resiliency  when  subjected  to  load.  Such  soils  will 
have  ample  supporting  power,  and  the  road  surface  may  show  no  sign  of 
settlement  or  localized  breaking  up  due  to  lack  of  support.  Nevertheless, 
during  the  passage  of  heavy  loads,  the  pavement  and  subgrade  will  be 
depressed  and  bending  of  the  pavement  slab  will  induce  unusual  stresses 
which  have  a marked  tendency  to  develop  surface  waves  or  ripples  in 
bituminous  pavements.  It  appears  that  this  is  one  subject  which  has  thus 
far  not  been  well  investigated  and  further  studies  to  measure  the  ampli- 
tude and  frequency  of  slab  movement  should  throw  light  on  much  trouble 
with  water-bound  gravel  surfaces  and  bituminous  mixed  pavements. 

(2)  Base  Course  Faults.  Base  course  faults  may  be  treated  rather 
briefly.  In  certain  cases  base  courses  may  be  subject  to  all  of  the  troubles 
previously  discussed  in  relation  to  subgrade.  However,  base  course  material 
is  presumably  better  than  the  natural  soil ; therefore,  the  most  frequent 
source  of  trouble  is  probably  inadequate  thickness.  While  there  are  a 
few  examples  of  base  courses  which  have  been  constructed  heavier  than 
necessary,  there  certainly  are  a far  larger  number  of  cases  where  the 
base  course  is  inadequate. 

One  serious  mistake  that  was  once  widely  made  in  base  course  con- 
struction, but  which  is  not  so  prevalent  in  recent  years,  is  the  use  of 
comparatively  clean  rock  without  fines  over  subgrades  which  became 
plastic  when  wet.  The  mud  readily  works  upward  into  the  voids  of  the 
coarse  rock  and  may  completely  destroy  the  usefulness  of  the  base.  This 
sort  of  thing  has  happened  many  times. 

It  is,  of  course,  true  that  test  requirements  and  specifications  originally 
established  from  research  can  become  outmoded,  and  as  a result  may 
constitute  liabilities  rather  than  assets.  For  example,  15  or  20  years  ago 
water  bound  gravel  construction  was  widely  used  and  was  intended  to 
carry  traffic  without  further  treatment.  It  was  of  course  essential  in  the 
horse  and  buggy  days  and  in  the  earlier  years  of  state  highway  construc- 
tion that  gravel  roads  be  bound  up  tightly  and  hence  materials  needed 
cementing  value.  The  need  for  high  cementing  value,  however,  is  no 
longer  pressing,  and  in  many  cases  the  requirement  can  be  dispensed 
with.  Nevertheless  the  test  is  still  in  use. 

Some  failures  in  gravel  or  crushed  stone  bases  can  be  charged  to 
the  attempt  to  meet  a cementing  value  requirement.  There  is  a tendency 
to  encourage  the  use  of  clay  types  of  binder  which  may  lubricate  the 
stone  when  moisture  contents  are  high. 

One  difficulty  in  placing  graded  crushed  rock  or  gravel  is  due  to  the 
tendency  of  the  material  to  segregate  in  the  plant  or  during  spreading 
and  finishing.  This  difficulty  is  avoided  by  the  slurry  base,  in  which 
crusher  run  material  uniformly  graded,  with  a definitely  controlled  per- 
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centage  of  dust  passing  200-mesh,  is  premixed  at  the  plant  with  suf- 
ficient water  to  provide  thorough  distribution  of  the  cementing  dust  and 
permit  ready  compaction  when  spread  on  the  subgrade.  This  practice 
eliminates  segregation  and  provides  a dense,  hard  “clay-concrete”  which 
has  no  pores  for  the  entrance  of  subgrade  mud,  and  is  hard  and  smooth 
enough  to  carry  traffic  during  construction. 

(3)  Aggregates  Best  Adapted.  Since  the  beginning  of  bituminous  con- 
struction, ideas  concerning  mineral  aggregates  have  undergone  a certain 
amount  of  change.  It  is  no  longer  considered  sufficient  safeguard  to  specify 
that  an  aggregate  shall  be  hard,  sound,  durable  and  well  graded.  While 
it  is  still  true  that  durability  is  required,  it  is  not  so  widely  believed  that 
durability  and  hardness  are  synonomous.  Investigations  of  existing  projects 
furnish  evidence  that  in  the  dense  graded  type  of  bituminous  mixture, 
hardness  of  the  rock  is  of  minor  importance. 

The  principal  contribution  of  research  toward  reducing  the  problems  of 
maintenance  has  been  recognition  of  the  fact  that  mineral  aggregates 
have  widely  varying  surface  characteristics  which  affect  their  capacity 
to  retain  an  oil  film  in  the  presence  of  water,  and  which  mechanically 
may  affect  the  stability  of  the  mixture. 

In  the  early  days  of  bituminous  road  construction,  frequent  failures 
resulted,  many  of  which  were  regarded  as  mysterious,  and  furnished 

ample  grounds  for  controversial  discussions  among  engineers.  It  was 

customary  to  applaud  the  fortunate  engineer  who  chanced  to  be  in  charge 
of  work  which  turned  out  well,  and  to  greatly  criticize  less  fortunate 
individuals  who  were  trying  to  construct  oil  roads  with  materials  which, 
in  the  light  of  present  knowledge,  were  definitely  unsuited  for  the  purpose. 

The  researcher  has  uncovered  a great  many  facts  about  mineral  ag- 
gregates which  were  virtually  unknown  ten  years  ago,  and  one  result 
of  his  efforts  has  been  to  place  the  blame  for  certain  failures  where 

it  belongs — not  on  the  head  of  the  hapless  engineer  or  superintendent 

in  charge,  but  on  the  type  of  mineral  aggregate  used.  It  is  now  widely 
recognized  that  many  mineral  aggregates  are  not  suitable  for  bituminous 
construction  due  to  their  tendency  to  lose  asphalt  in  the  presence  of 
water.  Such  aggregates  should  not  be  used  without  protective  measures. 
And  researchers  are  now  busily  engaged  seeking  better  or  more  economical 
means  for  protecting  such  aggregates  and  soils.  Some  success  has  been 
achieved  but  a great  deal  of  work  remains  to  be  done. 

In  the  meantime,  most  highway  departments  are  trying  to  avoid  un- 
satisfactory materials  by  accepting  or  rejecting  the  aggregates  on  the 
basis  of  preferential  wetting  or  stripping  tests.  This  precaution  alone  has 
certainly  resulted  in  tremendous  savings  in  maintenance  costs.  Most  states 
probably  have  one  or  two  sections  of  road  in  which  the  aggregates  used 
are  definitely  hydrophilic.  A study  of  the  maintenance  costs  on  these 
sections  would  doubtless  show  that  impressive  sums  of  money  have  been 
saved  by  the  avoidance  of  materials  of  this  sort.  As  a matter  of  fact,  it 
is  not  impossible  that  bituminous  construction  using  lighter  oils  might 
have  been  abandoned  completely  if  this  phenomena  had  not  been  recognized. 

There  is  some  reason  to  believe  that  the  use  of  oil  in  road  construction 
received  a serious  setback  many  years  ago  due  to  failures  of  this  sort. 
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For  instance,  the  Petrolithic  method  described  by  Prevost  Hubbard  in 
1908  in  the  IT.  S.  Department  of  Agriculture  Bulletin  No.  34  refers  to 
the  use  of  heavy  asphaltic  oil  mixed  with  loose  earth  and  compacted  with 
a sheeps  foot  roller.  While  some  of  the  projects  were  very  satisfactory, 
others  failed,  as  may  now  be  surmised  due  to  the  use  of  unsuitable 
soil  types.  Apparently  the  method  fell  into  disrepute  as  a result  of  a 
few  failures. 

The  amount  of  technical  literature  now  available  and  being  written 
describing  numerous  investigations,  methods  of  test  and  treatment  applying 
to  the  subject  of  hydrophilic  and  hydrophobic  aggregates  makes  it  un- 
necessary to  go  into  further  detail  concerning  this  now  well-known 
phenomenon. 

There  is  no  simple  means  yet  available  for  classifying  or  describing 
types  of  mineral  aggregates  which  are  best  suited  to  bituminous  con- 
struction. Petrographical  and  mineralogical  classifications  are  useful  for 
identifying  certain  aggregates,  but  suitability  for  bituminous  work  is  not 
entirely  determined  by  the  mineralogical  classification.  Reports  from  various 
parts  of  the  world  show  that  granitic  rocks  may  be  either  very  good  or 
comparatively  poor;  the  same  is  true  of  limestone  and  other  types.  It  is 
true  that  careful  study  will  often  uncover  the  cause  why  individual 
samples  of  a certain  aggregate  may  vary  in  quality,  but  the  point  is  that 
no  definite  prediction  can  yet  be  made  in  the  vast  majority  of  cases 
without  resorting  to  test  methods  of  some  sort.  Only  a few  broad  generaliza- 
tions can  be  made.  Limestone  and  basalt  or  trap  rock  are  for  the  most 
part  very  satisfactory.  And  quartz,  chert  and  rhyolite,  for  example,  may 
well  be  viewed  with  suspicion  but  one  can  never  be  sure  in  individual  cases 
without  tests. 

Requirements  for  hardness  of  mineral  aggregates  may  be  varied  to  suit 
the  type  of  construction.  There  seems  to  be  ample  evidence  that  compara- 
tively soft  aggregates  may  be  used  without  danger  in  the  dense  graded 
type  of  construction.  The  open  graded  and  macadam  types  require  greater 
hardness. 

(4)  Bituminous  Materials.  Before  taking  up  this  phase  of  the  dis- 
cussion, one  feels  inclined  to  pause  and  draw  a long  breath.  It  is  dif- 
ficult to  cite  any  important  research  applied  to  bituminous  materials  which 
has  thus  far  borne  definite  fruit  in  the  way  of  improved  specifications 
which  will  guarantee  bituminous  materials  better  suited  for  the  purpose  of 
highway  construction.  Test  procedures  and  limits  which  are  commonly . 
specified  for  the  control  of  asphalts  are  for  the  most  part  of  long  stand- 
ing, and  have  been  used  since  the  beginnings  of  bituminous  pavement 
construction  thirty  or  forty  years  ago.  There  is  almost  universal  agree- 
ment that  existing  standard  tests  throw  little  light  on  the  suitability  of 
oils  and  asphalts  for  road  building  purposes.  This  does  not  mean  that ; 
the  problem  is  being  neglected ; on  the  contrary,  a great  deal  of  work 
is  being  done  and  there  is  every  reason  to  hope  that  within  a compara- 
tively brief  time  we  will  be  in  possession  of  a great  deal  more  knowledge 
than  we  now  possess  concerning  the  essential  character  and  composition 
of  asphaltic  binders  for  bituminous  pavements. 

The  principle  evidence  for  lack  of  quality  in  bituminous  materials 
is  the  frequent  deterioration  due  to  cracking  of  pavements,  raveling  and 
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disintegration  due  to  the  asphalt  becoming  too  hard  and  brittle,  thus 
losing  its  capacity  to  resist  shock  and  abrasion. 

While  the  evidence  is  often  contradictory,  there  is  a high  degree  of 
correlation  between  over-heating  and  cracking  of  the  asphalt  in  the  re- 
finery and  failures  due  to  hardening  and  brittleness  on  the  road.  Tests 
such  as  the  Oliensis  spot  test  have  been  offered  to  detect  asphalts  which 
have  been  damaged  by  over-heating.  Unfortunately,  some  crudes  which 
have  not  been  heated  will  show  the  same  characteristics  in  this  test  as 
do  cracked  asphalts.  Recent  modifications*  of  this  test  substituting  normal 
heptane  for  Oliensis  solvent  appears  to  offer  an  improved  method  for 
detecting  cracked  products.  The  problem  is  being  approached  from  other 
angles;  for  example,  the  work  of  Benson  in  Kansas,  in  which  a thin  trans- 
lucent film  of  asphalt  is  subjected  to  weathering  conditions  and  changes 
in  the  character  of  the  film  observed  under  high  magnification. 

Other  investigations  by  means  of  accelerated  weathering  equipment 
and  by  exposure  to  natural  sunlight  are  also  being  carried  on,  and  studies 
of  the  bitumens  are  being  made  to  find  the  cause  for  variations  which  exist. 

While  it  is  true  that  most  cracked  products  are  numbered  among  the 
unsatisfactory  materials,  nevertheless  an  occasional  oil  which  has  all  evi- 
dences of  having  been  cracked  will  give  good  performance.  One  fact 
which  adds  interest  to  the  problem  is  that  many  bituminous  pavements 
built  20  to  25  years  ago  are  still  showing  good  service  with  no  cracking 
or  failures,  while  many  recent  jobs  are  in  considerable  distress  from  this 
cause.  The  trouble  is  not  confined  to  certain  sections  of  the  country  but 
seems  to  be  fairly  wide-spread.  Two  explanations  may  be  offered — one 
that  more  asphalt  was  used  in  earlier  days  of  construction  when  pavements 
were  designed  for  horse-drawn  traffic,  and  this  practice  changed  when 
the  advent  of  the  automobiles  brought  justifiable  fear  of  the  skid  hazard. 
At  the  present  time,  while  most  asphalt  technologists  agree  that  the 
quantity  of  asphalt  in  a bituminous  pavement  should  be  as  high  as  possible 
consistent  with  other  considerations,  there  is  a great  deal  of  difference 
of  opinion  as  to  how  much  is  too  much. 

The  same  criticism  that  was  made  of  cementing  value  tests  may  be 
launched  at  an  over-emphasis  on  stability  tests  for  bituminous  mixtures. 
In  past  years  a large  proportion  of  bituminous  pavements  became  rough 
and  wavy  sooner  or  later  because  of  unstable  mixtures,  usually  due  to 

an  excess  of  asphalt  for  a particular  mixture.  Stability  tests  are  useful 

as  a check  on  this  condition.  However,  attempts  to  obtain  the  highest 
possible  stability  may  lead  to  mixtures  that  are  too  dry  and  brittle  to 
withstand  the  effects  of  weather  and  traffic. 

The  second  explanation  which  may  be  offered  can  only  be  in  the 
form  of  a suggested  reason,  as  the  theory  is  by  no  means  proved.  It  seems 
probable  that  many  asphalts  produced  in  recent  years  have  been  subjected 
to  refinery  methods  which  for  the  purpose  of  producing  lubricating  oil 
and  gasoline  are  more  efficient  than  was  the  case  25  or  30  years  ago. 

The  removal  or  destruction  of  certain  fractions  which  may  act  as  protec- 

* Proposed  method  for  the  modified  quantitative  Oliensis  test  using  heptane,  developed 
by  the  Standard  Oil  Company  Laboratory  during  the  California  Cooperative  Investigation. 
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five  colloids  would  produce  a more  unstable  product.  The  asphaltenes 
would  flocculate  more  readily  producing  a non-uniform  heterogenous  film 
as  observed  by  Benson.  There  is,  of  course,  little  justification  for  specula- 
tion in  an  alleged  technical  paper.  In  any  event,  the  problem  confronting  |i 
the  asphalt  technologist  today  is  to  devise  specifications  and  methods  of 
test  which  will  definitely  define  the  properties  and  composition  of  the 
ideal  road  building  bitumen. 

This  particular  chapter  would  seem  to  call  for  some  learned  discussion 
as  to  the  relative  merits  of  the  numerous  grades  of  slow,  medium,  and  ij 
rapid  curing  products  which  are  available  to  the  bituminous  engineer  today,  y 
Practically  everyone  connected  with  bituminous  highway  construction  has 
his  preference  or  preferences,  as  does  the  writer.  There  appears  to  be  no 
point,  however,  in  strongly  advocating  the  use  of  this  or  that  type  of 
material  over  another,  inasmuch  as  progress  in  research  has  not  yet 
advanced  far  enough  to  offer  anything  definite  to  the  problem. 

It  might  be  remarked,  however,  that  the  best  bituminous  material 
to  use  is  the  cheapest  one  which  will  serve  the  purpose,  and  when  this 
consideration  is  put  to  the  test,  it  is  surprising  how  few  cases  are  definitely 
unsuitable  for  the  various  slow  curing  oils. 

(5)  Special  Problems.  One  of  the  few  special  problems  related  to 
maintenance  which  have  been  investigated  concerns  the  design  of  pre-  I 
mixed  materials  for  use  in  maintenance  patching.  In  California  a great  I; 
deal  of  patching  of  bituminous  surfaces  is  made  by  means  of  dense  graded 
premixed  material,  stored  in  stockpiles.  At  intervals  certain  shipments  j 

of  this  material  are  found  to  be  unsatisfactory,  either  failing  to  set  up,  I 

to  bond  to  the  old  surface,  or  to  remain  stable  under  traffic.  It  appears  I 

that  a patching  material  must  have  a nice  balance  of  properties,  neither  [ 
too  fine  nor  too  coarse,  the  oil  can  be  neither  too  heavy  nor  too  light, 
and  the  permissible  aggregate  gradation  must  evidently  be  kept  within  nar-  ! 
rower  limits  than  is  necessary  for  new  construction.  For  this  reason,  studies 
have  been  made  in  California  by  analyzing  stockpiled  mixtures  classed  : 
as  both  satisfactory  and  unsatisfactory,  for  the  purpose  of  discovering 
the  essential  requirements.  While  the  work  is  not  complete,  and  further 
proof  is  necessary  before  too  positive  statements  can  be  made,  the  following  j 
grading  tolerances  are  suggested  which,  with  average  types  of  mineral  i 

aggregates,  should  furnish  satisfactory  mixtures  for  maintenance  patching. 
As  stated  above,  these  mixtures  have  not  been  used  for  a sufficient  length  t 
of  time  to  prove  their  quality  beyond  question.  However,  the  gradations 
seem  to  avoid  most  of  the  types  which  have  given  trouble. 
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The  following  table  gives  the  proposed  gradations  in  terms  of  the 
U.  S.  Standard  Sieve  Series,  A.S.T.M.  designation  E-ll-26,  A.A.O.S.H.O. 
Method  T-27. 

March  16,  1938 

MATERIALS  AND  RESEARCH  DEPARTMENT  TENTATIVE  GRADING 
TOLERANCES  FOR  DENSE  GRADED  BITUMINOUS  MIXTURES 


34-Inch 

1/2- Inch 

%-Inch 

4-Mesh 

1-Inch 

100% 

%-Inch 

95%-100% 

•100% 

y2- Inch 

95% -100% 

100% 

%-Inch 

65 %-  85% 

80 %-  95% 

95%-100% 

100% 

4-mesh 

50%  - 65% 

58  %-  73% 

65 %-  85% 

90%-100% 

16-mesh 

30%-  43% 

33%-  45% 

38 %-  52% 

46%-  67% 

50-mesh 

18%-  27% 

18%-  27% 

22 %-  30% 

25%'-  36% 

200-mesh 

6%-  10% 

6%-  12% 

8%-  15% 

10  %-  17  % 

Oil  Ratio 

3.9  - 4.6 

3.9  - 4.7 

4.2  - 5.0 

4.5-  5.3 

(For  average  types  of  aggregate) 


The  most  satisfactory  grades  of  liquid  asphalt  for  premix  patching 
material  have  been  SC-4,  ROMC-3  and  MC-2.  In  California,  preference  has 
been  in  the  order  stated. 
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Progress  in  Research  on  the  Improvement  of  Soil 
Properties  by  the  Addition  of  Granular  Materials, 

Tar,  Asphalt  and  Portland  Cement 

By 

JOHN  S.  CRANDELL 

College  of  Engineering 
University  of  Illinois 
Urbana,  Illinois 

Just  where  investigation  and  experi- 
menting leave  off  and  research  begins  is 
difficult  to  say.  In  our  Avork  on  soil  al- 
together too  much  has  been  said  for  re- 
search Avhen,  as  a matter  of  fact,  all  that 
we  have  been  doing  is  snooping  into  the 
outer  fringes  of  Nature.  However,  since 
most  of  our  snoopers  like  to  dignify  their 
experiments  Avith  the  term  research  we  shall 
gather  together  such  facts  as  have  recently 
been  presented  under  that  name. 

An  interesting  machine  known  as  Bra- 
bender’s  Plastograph  has  been  made  suit- 
able for  testing  soils  by  E.  0.  Rhodes  of 
the  Koppers  Company.  This  machine  meas- 
ures continuously  and  records  viscosity  and 
plasticity.  Highway  soils  at  present  are 
tested  by  time-consuming  methods  Avhich  j 
are  often  of  questionable  accuracy  and  ! 
tests  are  used  to  determine  the  prop  or-  j 
tions  of  admixtures  required  for  soil  stabilization  which  do  not  ahvays 
indicate  correctly  the  amounts  required  for  best  service  results.  Bra-  j 
bender’s  plastograph  measures  consistency  by  means  of  a dynamometer,  j 
It  simplifies  soil  testing,  gives  better  reproducibility  of  results  and  fur-  j 
nishes  needed  information  as  to  the  effects  of  admixtures.  Other  possible  j 
uses  for  the  machine  are  suggested. 

^Donald  M.  Burmister,  Columbia  University,  says  that  the  distribu-  ; 
tion  of  particle  sizes  and  particle  shapes  have  a very  important  influence  j 
on  the  density  of  materials,  and  therefore  special  consideration  is  given  j 
to  the  grading  of  soils  in  order  to  bring  certain  physical  factors  into  a | 
more  unified  and  consistent  pattern.  Density  is  influenced  not  only  by  j 
the  degree  of  fineness  of  the  material  and  the  range  of  particle  sizes,  but  j 
also  by  the  distribution  of  particle  sizes,  expressed  in  “type  grading  ! 
curves.”  These  factors,  together  Avith  the  effect  of  particle  shape,  are  i 


significance.  Several  empirical 


The  Grading-Density  Relations  of  Granular  Materials  by  Donald  M.  Burmister,  A.S.T.M. 
proceedings,  1938. 


expressed  quantitatively  in  terms  of  grading-density  relations,  which  pro- 
vide a means  of  estimating  the  influence  of  grading  on  density.  These 
relations  are  important  because  density  is  an  important  factor  in  the 
supporting  capacity  of  the  natural  soil  and  in  the  stability  of  slopes 
of  granular  soils.  In  his  paper  presented  at  A.S.T.M.,  Atlantic  City,  June 
1938,  Burmister  presents  his  findings  in  detail. 

E.  E.  Bauer,  University  of  Illinois,  has  begun  a study  on  deflocculating 
agents  used  in  the  particle  size  determination  of  soils.  The  abstract  from 
his  paperf  states  that  “most  of  our  soils  flocculate  when  placed  in  water 
— that  is,  particles  gather  themselves  together  in  clusters.  These  clusters 
have  an  entirely  different  settling  velocity  than  the  individual  particles 
would  have  and  makes  any  determination  of  their  sizes  by  a sedimentation 
process  impossible,  unless  something  can  be  done  to  prevent  flocculation. 
A number  of  deflocculation  agencies  are  employed,  such  as  sodium  sili- 
cate, potassium  hydroxide,  ammonium  hydroxide,  sodium  carbonate,  and 
sodium  oxalate.”  Bauer  has  made  a study  of  the  problems  involved  and 
his  paper  presents  his  findings  so  far. 

The  U.  S.  Bureau  of  Public  Roads  exhibited  at  the  American  Road 
Builders  Association  meeting  in  Cleveland  a series  of  20  panels  which  are 
excellent.  They  show  in  sufficient  detail  nearly  all  that  we  know  today  con- 
cerning road  stabilization.  This  series  has  been  reproduced  in  booklet 
form,  and  should  be  in  every  road  builder’s  possession.  They  have  been 
produced  in  short  form  in  the  proceedings  of  the  Highway  Research  Board, 
1937. 

Hogentogler  and  Allen  presented  a paper  in  1938  before  A.S.T.M.  on 
the  application  of  soil  mechanics  to  stabilization.  This,  together  with 
their  individual  papers  on  the  subject,  form  a valuable  aid  to  the  novice, 
and  a restraining  rein  to  the  so-called  expert.  For  instance,  Hogentogler 
says  “the  best  of  natural  soils  should  be  selected  for  use  in  stabilized  soil 
bases  and  road  surfaces.  The  plasticity  tests,  with  the  mechanical  analyses, 
serve  excellently  as  guides  in  the  selection  and  the  blending  of  road  soil 
mixtures.  The  plasticity  tests  do  not  indicate  the  presence  of  semipermanent 
or  permanent  cements.  Certain  rock  powders  may  have  a plasticity  index  of 
0 and  still  have  high  cementing  value  when  chemically  treated.  The  grad- 
ing requirements  likewise  are  not  critical  when  materials  have  the  more 
permanent  cements  . . . Plant  mixing,  under  rigid  control,  seems  prefer- 
able for  the  more  complex  blending  of  aggregates  soil  and  chemical  solu- 
tions or  insoluble  binders  . . . This  should  be  a profitable  field  of  in- 
vestigation for  the  mineral  aggregates  industry.  Fine  graded  soils,  with 
commercial  binders  as  stabilizers  should  be  mixed  and  compacted  with 
carefully  determined  moisture  contents  to  specificied  densities.  The  Proctor 
plasticity  needle  is  essential  for  control  purposes  in  this  type  of  stabiliza- 
tion.” 

Henry  C.  Porter,  Texas  State  Highway  Department,  has  contributed 
a paper  to  Highway  Research  Board  on  “Improvement  of  Subgrades,” 
wherein  he  uses  the  word  subgrade  to  indicate  the  prepared  surface  of  the 
soil  substructure  or  any  part  thereof.  He  says  that  many  a pavement  fail- 
ure may  be  attributed  to  the  placing  of  granular  materials  on  clays  in  such 

t A Study  of  Deflocculating  Agents  Used  in  the  Particle  Size  Determination  of  Soils 
by  E.  E.  Bauer,  A.S.T.M.  proceedings,  1938. 
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fashion  that  water  is  impounded.  Further,  that  there  is  bulking  of  damp 
sand  when  disturbed  or  manipulated. 

Ilis  paper,  and  that  of  G.  A.  Rahn  on  “Materials  and  Design  of 

Stabilized  Soil  Mixtures”  are  published  in  the  1937  proceedings  of  High- 
way Research  Board.  Mr.  Rahn  is  with  the  Pennsylvania  State  Highway 
Department.  Using  the  soil  mortar  gradation  chart  he  gives  five  designs  of 
road  mixtures  which  cover  a wide  range  of  possibilities.  He  states  that  the 
soil  mortar  gradation  is  the  heart  of  the  stabilized  soil  road,  and  in  all 
cases  should  be  of  the  right  composition.  “Coarse  graded  materials  are 
added  where  practicable  in  all  cases  whether  the  best  coarse  material 

is  available  or  not,  the  voids  in  the  coarse  material  should  be  filled  wTith 
properly  graded  material.”  Now  this  sets  up  some  discussion  among  us 
because  Hogentogler  states  in  Bulletin  47,  A.R.B.A.,  that  “the  whole  theory 
of  soil  stabilization  is  based  on  two  facts:  First,  that  all  soil  mixtures 
commonly  used  for  road  surfaces  and  speedways  are  highly  stable  at 
some  moisture  content ; and  secondly,  that  the  moisture  in  the  stable 
roads  is  more  adhesive  than  free  water.”  Here  we  have  two  men  who 
disagree  apparently  on  the  basic  fundamentals  of  soil  binder  stabilization. 

A.  T.  Goldbeck,  National  Crushed  Stone  Assoc.,  has  run  some  interest- 
ing experiments  on  the  stabilization  of  soil  with  stone  screenings.  In 

his  paper  presented  before  the  Association  on  Jan.  24,  1938,  Goldbeck 

states  that  “it  is  our  conception  that  a stabilized  screenings  base  for 
highways  should  possess  the  following  characteristics : 

1.  It  should  transmit  superimposed  wheel  loads  to  the  sub-base 
without  appreciable  movement  and  with  very  little  deformation. 

2.  It  should  be  able  to  perform  these  vital  functions  under  all 
conditions  of  weather  and  moisture. 

3.  In  the  event  of  partial  failure  under  favorable  subgrade 
conditions,  it  would  seem  desirable  for  the  best  results  that  stabilized 
screenings  should  have  properties  which  would  permit  it  to  heal  or 
reknit  itself  together  again.  This  point  may  be  controversial. 

4.  It  should  remain  stable,  even  after  evaporation  of  capillary 
moisture  has  been  prevented  by  the  application  of  a bituminous 
wearing  course. 

“Logic  would  lead  one  to  the  conclusion  that  the  maximum  stability 
under  wet  conditions  would  be  obtained,  first,  by  using  particles  so 
graded  in  size  that  they  will  closely  interlock  one  with  the  other  and 
will  provide  a mixture  having  the  greatest  possible  density  and  the  smallest 
amount  of  porosity  or  percentage  of  voids ; second,  by  the  provision  of 
just  enough  fine  cementing  material  of  some  nature  to  aid  in  sticking 
the  coarser  materials  together;  third,  by  either  integrally  waterproofing 
the  layer  so  as  to  exclude  excessive  quantities  of  water  or  by  so  controll- 
ing the  amount  of  water  that  excessive  film  thickness  of  water  will  not 
be  built  up.”  Here  Goldbeck  seems  to  be  stabilizing  the  papers  of  both 
Hogentogler  and  Rahn,  thus  making  them  agree  with  each  other.  Pre- 
liminary studies  were  made  of  the  grading  of  the  materials  which  would 
produce  the  most  stable  mixtures,  and  also  of  the  amounts  of  bitumi- 
nous materials  to  use.  Then  the  mixtures  were  laid  on  a circular  track 
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in  the  laboratory  and  subjected  to  the  passing  over  them  of  a loaded 
wheel.  Goldbeck  goes  on  to  say  that  “high  stability  is  easily  obtained 
when  the  mixtures  are  in  dry  condition,  but  that  when  in  a wet  con- 
dition there  is  a wide  range  in  stability.  Apparently  gradation  is  the 
most  important  single  factor  in  bringing  about  a stable  condition  under 
bad  moisture  conditions.  The  use  of  waterproofing  materials  such  as 
tar,  cut-back  asphalts,  and  emulsions  is  not  effective  unless  the  mixtures 

are  dense  and  have  a certain  amount  of  fine  dust  present All 

of  the  mixtures  in  their  dry  condition  still  had  a certain  amount  of 
moisture  in  them  and  yet  they  were  stable.  When  this  moisture  content 
was  increased  they  became  unstable  in  many  cases.  There  is  a certain 
optimum  moisture  content  beyond  which  instability  occurs.  . . . It  seems 
that  the  best  stability  occurs  when  the  aggregate  is  graded  to  give  high 
density  and  when  there  is  sufficient  bituminous  material  present  to  make 
for  low  absorption  and  to  furnish  some  resiliency  to  the  mix.” 

Goldbeck ’s  experiments  are  most  interesting  and  throw  much  needed 
light  on  some  phases  of  stabilization.  They  tie  in  many  of  the  isolated 
instances  of  other  investigators. 

The  Report  of  Committee  D-18  of  A.  S.  T.  M.  should  be  consulted. 
This  committee  is  large,  and  the  men  constituting  it  are  whole  heartedly 
interested  in  the  work  of  soil  stabilization. 

Bulletin  No.  47  of  the  American  Road  Builders  Association  gives 
some  good  information  and  advice.  In  it  we  have  the  following  articles : 
Role  of  Soil  Binders  and  Aggregates  in  Soil  Stabilization,”  by  C.  A. 
Hogentogler  and  J.  A.  Kelley;  “Road  Stabilization,”  by  L.  L.  Allen; 
and  “Stabilization  with  Aggregates,  Binder  Soil,  and  Calcium  Chloride,” 
by  Fred  Burgraf.  While  there  is  nothing  in  these  papers  that  may 
be  termed  exceptionally  novel,  still,  they  present  the  subjects  in  read- 
able form,  and  there  is  much  to  be  learned  from  them. 

BY  THE  ADDITION  OF  TAR 

The  important  role  that  tar  has  thus  far  played  in  the  stabilization  of 
soil  is  too  well  known  to  require  any  further  comment  here.  However, 
during  the  past  year  some  interesting  developments  have  taken  place.  The 
Barrett  Company  and  The  Koppers  Company  have  done  extensive  experi- 
ments with  tars  to  determine  the  kind  and  percentage  to  use  with  various 
soils.  C.  H.  Olmstead,  The  Barrett  Co.,  presented  some  of  these  findings 
in  Contractors  & Engineers  Monthly  for  May,  1938.  He  showed  how  the 
laboratory  work  tied  in  with  the  practical  work  of  stabilizing  roads  in 
Shelby  County,  Tennessee.  A report  was  made  by  the  laboratory  recom- 
mending the  grade  of  tar  best  suited  for  the  soil,  quantity  required, 
optimum  moisture  of  soil-sand  mix,  and  advising  a dampening  before 
the  application  of  the  tar.  The  results  were  gratifying,  and  go  to  show 
how  much  can  be  accomplished  by  laboratory  control,  if  the  men  in  the 
laboratory  know  their  business. 

It  would  be  well  to  present  here  the  views  of  B.  A.  Anderton,  Re- 
search Chemist,  The  Barrett  Co.,  on  soil  stabilization  methods  and  tests. 
“It  should  be  emphasized  that  the  methods,  particularly  those  involved 
in  the  evaluation  of  treated  soils,  are  subject  to  modification  and  to  re- 
placement by  improved  methods  as  they  are  developed.  Thus  far  there 
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lias  been  no  consistent  effort  to  standardize  laboratory  methods  for  evalu- 
ating* stabilization  nor  for  determining  relative  efficiency  of  varying  treat- 
ment, especially  as  applied  to  bituminous  materials.  In  fact,  there  is  no 
general  agreement  as  yet  on  the  relative  importance  of  many  factors  in 
soil  stabilization  and  on  the  interpretation  of  test  data,  with  the  result 
that  various  laboratories  are  using  different  methods  for  evaluating  sta- 
bilization and  determining  the  best  treatment  for  a given  soil.  In  view 
of  the  present  stage  of  development,  it  must  be  freely  admitted  that  all 
methods  for  studying  soil  stabilization  with  bituminous  materials,  includ- 
ing those  at  present  used  in  our  own  laboratory,  are  open  to  criticism. 
It  is  therefore  not  advisable  when  submitting  a description  of  Barrett 
methods  to  imply  that  they  are  better  than  methods  used  by  other 
laboratories,  since  those  methods  also  are  of  value  in  investigating  soil 
stabilization,  and  probably  yield  data  of  equal  value.  We  consider  that 
a recommendation  on  stabilization  with  tar  will  include : 

1.  The  necessity  of  desirability  of  modifying  the  grading  of  existing 
soil ; 

2.  The  grade  or  grades  of  Tarvia  for  use  in  the  mixture  or  mixtures. 

3.  The  preferred  amount  of  Tarvia 

4.  The  use  of  water  in  mixing ; 

5.  The  moisture  content  desirable  for  most  efficient  compaction. 

In  this  discussion  we  have  considered  essentially  only  those  soils  which 
contain  large  percentages  of  fine  material,  excluding  those  soils  which 
may  be  regarded  as  sand  and  susceptible  to  utilization  in  sand-tar 
mixtures.” 

Mr.  E.  0.  Rhodes,  Koppers  Company,  has  done  some  excellent  investi- 
gating and  his  discovery  of  the  suitability  of  the  Brabender  Plastograph 
for  testing  stabilization  changes  makes  it  seem,  to  quote  one  of  the 
onlookers  at  a demonstration,  “as  if  lots  of  these  college  professors  will 
be  out  of  a job  teaching  their  students  how  to  measure  viscosity  and 
plasticity.” 

ADDITION  OF  ASPHALT 

E.  F.  Kelley,  Bureau  of  Public  Roads,  in  a recent  paper*  notes  that 
“given  granular  materials  of  suitable  grading  and  soil  binder  of  suitable 
quality  it  is  possible  to  construct  satisfactory  stabilized  base  courses  of 
the  mechanically  stabilized  type.  But  in  many  localities  the  materials 
necessary  for  this  are  either  not  available  or  can  be  obtained  only  at  an 
extremely  high  cost.  From  the  economic  standpoint  it  is  here  that  bi- 
tuminous materials  enter  the  field  of  stabilization.  . . It  has  been  demon- 
strated that  (they)  are  effective  for  the  purpose.” 

It  is  here,  then,  that  the  asphalt  producers  have  apparently  had  their 
big  opportunity,  in  which,  in  some  cases,  they  have  used  good  judgment, 
and  in  others  they  have  been  content  to  sell  whatever  they  had  on 
hand.  Thus  we  find  all  sorts  of  materials  being  prescribed  by  different 
concerns  for  the  same  purpose.  The  more  responsible  companies  have 
gone  about  the  selling  of  their  wares  in  a properly  conservative  spirit, 
and  have  not  tried  to  push  goods  that  are  unfit  for  stabilization.  Others, 
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probably  thru  ignorance,  have  endeavored  to  palm  off  any  or  all  ma- 
terials they  make.  This  is  most  reprehensible. 

H.  C.  Weathers, f Florida  State  Road  Department,  says  “the  types 
of  asphaltic  materials  used  in  this  construction  have  been  cut-backs,  mix- 
tures of  heavy  asphaltic  oil  and  light  distillates,  emulsified  asphalt,  and 
flux  oil  with  hard  powdered  asphalt.  The  asphaltic  material  used  most 
generally  and  with  the  best  success  has  been  cut-back  asphalt.” 

Mr.  Weathers’  statements  of  construction  methods  are  interesting, 
and  they  indicate  what  Florida  has  been  accomplishing  in  its  stabiliza- 
tion work.  He  describes  the  blade  mix  which  is  done  with  powdered 
asphalt.  “The  flux  is  first  added  to  the  road  material  by  a distributor, 
and  is  cut  in  with  harrows;  then  the  hard  powdered  asphalt  is  applied 
in  proper  quantities,  and  mixed  with  harrows  and  graders  until  a uniform 
mix  is  obtained.” 

A.  C.  Tilley,J  Nebraska  Department  of  Roads  and  Irrigation,  says 
that  “in  the  design  of  mixtures  and  in  field  control,  the  findings  or  con- 
clusions that  have  been  arrived  at  thru  experimental  projects  and  labora- 
tory research,  are  carefully  heeded.  Some  of  the  most  important  of  these 
are  as  follows: 

I.  In  order  to  stabilize  properly  the  sandy  soils  with  asphalt,  it  is 
necessary  to  use  the  same  care  in  the  selection  of  fillers  or  aggregate 
admixtures  and  in  the  proportioning  of  materials  as  is  used  in  the  design 
of  derse-graded  bituminous  mat  mixtures. 

2.  When  bituminous  sand  surfaces  are  constructed  directly  upon  dune- 
sand  subgrades,  it  is  necessary  to  provide  5 to  6 inches  of  stabilized  sand 
having  a stability  value  of  from  300  to  400  pounds  at  77°  F.  in  order  to 
distribute  wheel  loads  over  a sufficient  area  of  the  sand  subgrade  to 
prevent  its  displacement. 

3.  When  this  type  of  surface  is  constructed  on  sandy  loam  with  20 
to  30  percent  finer  than  the  200  mesh  sieve,  a thickness  of  3 to  4 
inches  is  required  having  a stability  value  of  from  600  to  700  pounds 
at  77°  F.  in  order  to  carry  properly  the  loads  imposed  on  it. 

4.  It  is  more  economical  in  most  cases  to  rectify  the  gradation  of 
the  soil  rather  than  attempt  to  use  special  asphaltic  materials  or  to  use 
a high  percentage  of  oil  in  the  mixtures. 

5.  The  percentage  and  type  of  filler  material  in  the  mixture  is  the 
chief  influence  on  the  stability  of  the  mixture  and  is  the  principal  factor 
affecting  the  quantity  of  oil  required. 

6.  The  use  of  MC  oils  permits  a greater  variation  in  the  mixture 
without  endangering  satisfactory  results  than  does  the  use  of  SC  oils 
because  of  the  higher  stability  and  cementitiousness  provided  by  the  MC 
materials.  These  qualities  permit  the  use  of  inferior  gradations  and 
higher  oil  percentages  when  necessarj^  than  is  possible  with  SC  materials. 

*Basic  Principles  and  Economics  of  Subgrade  Stabilization  with  Bituminous  Materials, 
E.  F.  Kelley,  Proceedings  of  11th  National  Asphalt  Conference. 
fStabilizing  Sandy  Soils  with  Asphaltic  Materials,  H.  C.  Weathers,  ditto. 
tStabilizing  Sandy  Soils  in  Nebraska,  A.  C.  Tilley,  ditto. 
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Data  of  different  nature  is  given  by  F.  V.  Reagel,  {Engineer  of  Ma- 
terials, Missouri  State  Highway  Department.  He  notes  that  in  his  state 
SC  and  MO  type  oils  and  cut-backs,  crude  oils,  tars,  and  emulsions  are 
used  as  treating  agents.  “The  essential  difference  between  our  general 
procedure  and  that  used  elsewhere  is  that  in  our  case  the  soil  phase 
is  the  major  phase  instead  of  being  present  in  a limited  amount  as  a 
binder.  Our  mixes  contain  as  high  as  65  percent  passing  the  40  mesh 
sieve,  and  in  such  mixes  the  aggregate  present  is  rather  an  adulterant 
than  a friction  producing  material,  or  at  least  is  much  more  free  to 

move  if  lubrication  is  produced.  Accordingly,  our  optimum  quantity  of 
treating  agent  is  smaller  (about  7 to  8 percent  by  weight  of  the  soil 
fraction)  and  the  film  thickness  is  so  reduced  as  to  resemble  a stain 

rather  than  a binding  film.  Consequently,  plasticity  is  avoided  and  a 
well  graded  aggregate  is  not  required  to  overcome  the  plasticity  intro- 
duced by  excess  quantities  of  bitumen.” 

L.  H.  Taylor,  ^Maintenance  Engineer,  Oakland,  California,  gives  some 
interesting  details  concerning  treatment  of  quarry  waste  with  emulsi- 
fied asphalt  in  which  he  gives  the  requirements  for  emulsified  asphalt 

as  follows:  “Emulsified  asphalt  to  serve  properly  as  a stabilizing  agent 
must  have  certain  definite  characteristics.  It  must  (1)  a mixing  type, 
(2)  miscible  with  water  in  all  proportions,  (3)  capable  of  mixing  with 
clay  or  the  finest  rock  dust  without  balling  up,  (4)  must  be  able  to 
lose  its  water  vehicle  rapidly  by  dehydration  after  complete  mixing 

with  the  aggregate  has  been  accomplished,  and  (5)  after  dehydration 
must  leave  the  remaining  asphalt  uniformly  dispersed  as  a film  in  such  a 
way  that  the  material  will  retain  all  its  cementitious  binder  characteristics 
and,  at  the  same  time,  remain  relatively  immune  to  loss  of  cohesion  from 
water  absorption. 

“The  quantity  of  emulsified  asphalt  required 'to  effect  a proper  sta- 
bilization is  based  on  that  material  in  the  aggregate  passing  a 200  mesh 
sieve.  Materials  proposed  for  use  in  stabilization  should  also  be  checked 
for  the  approximate  amount  of  detrimental  water-soluble  salts  present.” 

These  papers  are  interesting  and  yet  they  do  not  tell  the  whole  story. 
For  we  have  no  examples  of  the  failures  that  have  resulted  from  attempts 
at  stabilization.  All  too  frequently  our  reports  tell  the  happy  ending  and 
disregard  the  other  side.  The  writer  here  would  like  to  include  some 
of  the  unhappy  results  which  he  has  observed  in  another  connection  both 
in  the  field  and  in  the  highway  engineering  laboratory  of  the  University 
of  Illinois.  In  1932  a number  of  samples  were  made  in  which  various  bi- 
tuminous materials  were  used  with  several  widely  differing  aggregates  in 
order  to  observe  the  binding  value  of  the  bitumens.  Altho  this  experiment 
has  been  reported  it  would  be  well  to  say  a few  words  about  it  here.  Five 
year  tests  now  have  been  run. 

It  was  observed  at  first  that  there  was  little  difference  among  the 
samples  stabilized  with  any  of  the  asphaltic  materials.  There  was,  how- 
ever, considerable  difference  between  these  and  the  ones  to  which  tar 
had  been  added.  The  tar  specimens  hardened  rapidly,  and  in  six  months 

% Bituminous  Stabilization  Methods  for  Use  in  Missouri,  F.  V.  Reagel,  Proceedings  of  11th 
National  Asphalt  Conference. 

♦Treatment  of  Quarry  Waste  with  Emulsified  Asphalt,  L.  H.  Taylor,  ditto. 
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were,  for  the  most  part,  very  hard.  Those  made  with  cut-back  tar  became 
hard  and  brittle.  Those  made  with  a small  percentage  of  light  coal  tar 
did  not  become  brittle  for  three  years  or  more,  and  those  made  with  7 
percent  or  more  of  light  coal  tar  are  not  brittle  now,  after  six  years. 

Among  the  specimens  treated  with  asphaltic  materials  those  made 
with  cut-backs  are  best  today.  It  was  noticed  that  specimens  made  with 
emulsions  hardened  on  top  so  that  the  upper  layer  powdered  away,  and 
that  they  were  soft  and  soupy  underneath.  Evidently  where  the  air  did 
not  come  in  direct  contact  with  them  the  emulsions  never  "‘broke.”  This 
was  also  observed  by  the  writer  and  others  on  a road  job  in  Ohio  where 
several  different  emulsions  were  used.  It  has  also  been  observed  elsewhere 
and  by  other  investigators.  This  same  thing  has  been  seen  to  exist 
with  some  of  the  cut-backs  and  road  oils  as  well.  In  other  words,  there 
is  a hardening  of  the  outer  or  upper  skin,  if  we  may  call  it  such,  which 
prevents  a hardening  of  the  lower  layers,  much  as  paint  skins  harden 
on  the  exposed  surface  of  an  uncovered  can  of  paint.  Therefore,  the 
road  material  is  not  stabilized  underneath  in  many  cases,  but  retains 
a pasty  to  soupy  consistency  for  a long,  long  time.  This  condition  needs 
to  be  corrected,  it  needs  investigating,  it  needs  research. 

Another  matter  that  the  writer  has  brought  up  with  several  of  the 
producers  of  stabilization  materials  is  the  value  of  the  shear  test.  It 
has  been  apparent  that  the  original  investigators  have  set  great  store 
on  shear  as  the  answer  to  the  problem  of  stabilization.  Many  pages  are 
filled  with  formulae  for  figuring  shear.  Yet,  the  interesting  fact  is  that 
all  too  frequently  the  mathematically  derived  answTer  does  not  agree  with 
observed  results  as  to  the  behavior  of  the  soil  in  field  tests.  What  is 
wrong?  The  engineer  has  been  treating  soil  as  tho  it  were  a structural 
member  of  a bridge,  and — it  isn’t. 

The  engineer  made  a similar  error  years  ago  concerning  asphalt,  and 
condemned  its  use  for  the  prevention  of  erosion  along  the  Mississippi. 

BY  ADDITION  OF  PORTLAND  CEMENT 

Much  light  has  been  thrown  on  the  cement  stabilized  road  by  the 
recent  publication  of  the  book  entitled  “An  Experimental  Soil-Cement 
Road  in  Illinois,”  published  by  the  Division  of  Highways  of  the  State 
of  Illinois,  April  25,  1938.  The  subject  is  gone  into  thoroly,  tables 
are  given,  and  the  trials  and  tribulations  of  the  experimentors 
are  mentioned.  Much  has  been  learned  from  this  road,  constructed  in  1936, 
and  those  who  are  interested  in  this  type  of  stabilization  should  procure 
a copy  of  the  report.  It  is  apparent  from  the  laboratory  tests  that  those 
samples  containing  10  per  cent  of  cement  stood  up  far  better  than  those  with 
lesser  amounts. 

On  page  13  the  following  conclusions  are  given : 

(a)  Preliminary  samples  on  which  the  job  control  data  are  to  be 
based  should  never  be  taken  until  the  grading  operations  have  been 
completed. 

(b)  Extreme  care  should  be  exercised  in  taking  samples  on  which 
the  job  control  data  are  to  be  based.  The  location  at  which  the  samples 
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are  taken  should  be  carefully  selected  and  a sufficient  number  of  samples 
secured  to  represent  satisfactorily  the  soil  types  and  variations  within 
these  types. 

(c)  The  equipment  for  preparing  the  soil,  mixing  the  cement,  dis- 

tributing and  incorporating  the  water,  and  compacting  the  mixture,  should 
be  such  that  the  actual  time  of  processing  will  be  reduced  to  the 

minimum. 

(d)  Comprehensive  field  tests  should  be  conducted  during  the  pro- 

gress of  the  job. 

It  will  be  interesting  to  note  the  tests  of  W.  F.  Kellermann  and 

D.  G.  Runner  in  their  paper  presented  at  the  1938  A.  S.  T.  M.  meeting,  on 
'‘The  Effect  of  Using  a Blend  of  Portland  and  Natural  Cement  on 
Physical  Properties  of  Mortar  and  Concrete.”  It  is  possible  that  such  a 
blend  as  they  suggest,  used  for  stabilization  purposes,  may  improve  the 
resulting  mix  to  an  appreciable  extent  since  the  resistance  to  freezing 
and  thawing  is  materially  increased. 

The  author  has  collected  the  most  recent  information  published  in 
the  United  States.  If  one  talks  to  some  of  the  representatives  of  the 
many  producers  of  stabilization  materials  he  will  find  that  there  is  a 
reluctance  to  make  any  really  definite  statement  concerning  positive 
stabilization  of  earth  roads.  There  is  considerable  groping  about  in  the 
dark,  as  it  were,  and  no  one  in  a responsible  position  wishes  to  go  on 
record  as  to  being  able  to  produce  certain  and  sure  results  of  a worth- 
while nature.  This  is  as  it  should  be,  and  it  will  not  be  long  before  we 
shall  be  able  to  certainly  predict  what  the  outcome  of  any  one  treatment 
may  be. 
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Research  Developments  Related  to  Service  Behavior  of 

Asphaltic  Materials 

By 

LEROY  M.  LAW 
Consulting  Asphalt  Technologist 
St.  Louis,  Missouri 

Within  the  past  several  years,  much  has  been  said  and  written  regard- 
ing the  need  for  more  extensive  research  in  the  field  of  asphaltic  ma- 
terials used  for  highway  purposes.  Engineers  and  chemists  concerned 
with  these  materials  have  long  complained  that  the  conventional  labora- 
tory tests  employed  for  specification  purposes  are  inadequate  to  insure 
the  desired  quality  and  serviceability  and  there  has  been  a consequent 
tendency  on  their  part  to  create  entirely  new  tests  or  to  modify  the 
conditions  under  which  long  established  laboratory  tests  have  heretofore 
been  conducted.  Mr.  E.  F.  Kelley,  of  the  U.  S.  Bureau  of  Public  Roads, 
in  discussing  (1)  the  resulting  chaotic  conditions  some  time  ago  indicated 
that  we  were  no  further  advanced  than  we  were  forty  years  ago  in 
.being  able  to  anticipate  the  service  characteristics  of  an  asphalt  by 
means  of  rational  laboratory  methods.  The  Highway  Research  Board, 
referring  to  the  subject  in  one  of  its  publications,  (2)  emphasizes  the 
fundamental  need  for  more  research  but  suggests  first  an  examination 
of  the  record  as  a desirable  preliminary  to  future  study.  The  producers 
of  asphalt  are,  at  least,  on  record  (3)  as  to  the  present  confusion  of 
test  requirements  and  some  of  them  have  been  frank  enough  to  show 
the  futility  of  attempts  to  insure  quality  under  certain  present  day 
specification  practices  (4)  (5). 

As  these  conditions  have  been  brought  before  our  various  technical 
societies,  discussions  have  usually  led  to  the  establishment  of  committees 
to  give  them  detailed  study  in  the  hope  of  finding  some  solution  of  the 
problem.  Thus,  in  recent  years,  there  have  been  set  up  the  following 
groups  which  are  concerned  either  directly  or  indirectly  with  this  ques- 
tion of  quality  or  service  behaviour  of  asphaltic  road  and  paving  materials : 

Specification  Committee  on  “Bituminous  Pavements”  of  the  Ameri- 
can Public  Works  Association. 

Sub-Committee  C-3  on  “Road  Oils”  of  Committee  D-4  American 
Society  for  Testing  Materials. 

Project  Committee  3-A  on  “Asphalt  Cements”  of  the  Association 
of  Asphalt  Paving  Technologists. 

Project  Committee  3-B  on  “Liquid  Asphalts”  of  the  Association 
of  Asphalt  Paving  Technologists. 

Sub-Committee  on  “Improvements  in  the  Form  of  Asphalt  Specifi- 
cations” of  the  Technical  Advisory  Committee  of  the  Asphalt 
Institute. 
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Committee  on  “Characteristics  of  Asphalt”  of  the  Highway  Re- 
search Board. 

These  activities,  many  of  them  overlapping  and  duplicating  in  both 
scope  and  personnel,  have  already  entailed  much  time,  patience  and  ex- 
pense on  the  part  of  the  various  interests  represented  for  committee! 
work  proceeds  slowly  at  best  and  it  is  even  difficult  to  get  such  com- 
mittees together.  The  net  result  to  date,  however,  is  that,  while  much! 
progress  has  been  made  in  the  standardization  of  test  methods,  coordinated! 
research  remains  neglected  and  the  purchase  of  asphaltic  road  materials; 
is  still  surrounded  with  confusion  and  uncertainty.  To  what,  then,  are 
these  unsatisfactory  conditions  due?  I am  sure  that  a candid  examination 
of  the  subject  will  show  that  they  are  due  primarily  to  a combination! 
of  conditions  which  have  been  created  by  the  changing  practices  of 
both  producing  and  consuming  interests  and  for  which  both  are  re-j 
sponsible. 

In  tracing  the  history  of  asphalt  paving,  one  does  not  have  to  go 
very  far  back  to  find  that  the  requirements,  not  only  for  asphalt,  but 
for  the  manufacture  and  laying  of  the  paving  mixtures  themselves 
emanated  from  the  producers  of  asphalt.  Indeed,  for  many  years,  the 
producers  of  asphalt  also  constructed  the  pavements,  usually  under  per-! 
formance  or  service  guarantees  to  the  cities  and  municipalities,  a system 
which  was  still  in  effect  as  late  as  the  year  1912.  It  is  not  here  inti-!' 
mated  that  these  early  asphalt  specifications  provided,  in  themselves,! 
any  assurance  as  to  quality  or  serviceability  but  rather  that  this  com- 1 
bined  responsibility  of  supplier  and  contractor  tended  to  promote  a more 
intimate  knowledge  of  the  individual  asphalts  then  available,  and  their 
appropriate  combinations  with  mineral  aggregate,  than  prevails  under! 
present  day  practices. 

Within  the  space  of  a relatively  few  years,  however,  as  highway  I 
construction  advanced  to  the  status  of  a major  industry  the  drafting  of  I 
specifications  passed  entirely  from  the  material  interests  and  a few  inde- [ 
pendent  consulting  laboratories  into  the  hands  of  state  and  municipal! 
officials.  The  asphalt  supplier  ’s  function  became  that  of  simply  meeting  i 
the  asphalt  specification  requirements  while  the  contractor,  not  any  more 
bound  by  guarantee,  has  been  placed  in  a position  where  he  must, 
naturally,  obtain  the  lowest  price  asphalt  which  will  pass  the  necessary  A 
inspection.  Is  there  any  wonder  that  fundamental  research,  both  costly 
and  uncertain  in  its  financial  returns,  should  have  fallen  into  a sort  of j 
“no  man’s  land”  in  so  far  as  any  definite  and  coordinated  program  was  t 
concerned  ? 

With  the  increasing  use  of  asphalt  for  highway  purposes  during  the 
transition  period  referred  to,  there  were,  also,  rapid  and  important  ad- 
vances in  the  design  and  operation  of  refining  equipment  with  the  result ; 
that  batch  stills  have  been  practically  displaced  by  continuously  operat- 1 
ing  vacuum  equipment.  Some  of  the  more  efficient  installations  of  the 
latter  type  are  capable  of  recovering  asphalt  from  almost  any  crude 
petroleum  which  carries  this  constituent  in  appreciable  quantities  and  most 
of  these  products  have  apparently  found  sale  under  the  ordinary  open 
type  of  specifications  prevailing.  That  these  asphalts,  prepared  from  an 
increasing  number  of  new  and  unproven  sources  of  raw  materials,  could 
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possess  vastly  different  inherent  qualities,  not  shown  by  such  specifica- 
tions, and  consequently  give  different  results  in  service,  did  not  become 
a matter  of  serious  concern  until  comparatively  recent  times.  The  highly 
[competitive  system,  with  its  divided  responsibility,  had  created  the  im- 
pression that  all  asphalts  complying  with  a given  set  of  requirements  could 
I be  used  interchangeably,  grade  for  grade,  and  still  give  the  same  results 
in  service.  One  needs  only  to  study  the  work  of  Mr.  H.  W.  Skidmore6 
to  observe  the  great  variance  in  behavior  of  some  twenty  paving  asphalts 
of  40-50  penetration  under  low  temperature  conditions.  It  is  reasonable 
'to  suppose  that,  in  the  field  of  low  cost  road  materials,  differences  in 

properties  may  be  even  more  pronounced. 

Until  very  recently,  attempts  to  write  more  adequate  specifications 
to  support  the  open  competitive  system  consisted  chiefly  in  adding  so 

called  identification  tests  to  the  conventional  physical  and  chemical  re- 

quirements and,  under  this  practice,  such  laboratory  determinations  as 
paraffine  scale,  fixed  carbon,  sulphur,  naphtha  insoluble,  fluidity  factors, 
and  more  recently,  low  temperature  ductilities  came  rapidly  into  use. 
Specification  limits  of  such  test  requirements  are  usually  adjusted  on 

the  basis  of  some  material  or  materials  which  have  been  used  success- 
fully and  with  the  idea  that  the  low  bidder  under  such  a specification 
will  supply  such  products.  The  fallacies  of  these  practices  are  many.  Identi- 
fication tests  offer,  at  best,  but  a thin  disguise  for  the  closed  specification 
actually  intended  and,  in  effect,  are  just  as  much  against  public  policy 
as  specifying  a preferred  material  by  name  direct.  On  the  other  hand, 
producers  of  out-lawed  materials  have  been  encouraged  to  resort  to 
various  mixtures,  blends  and  concoctions  which  often  succeed  in  meet- 
ing these  so  called  “ trick  test”  requirements.  Some  producer  representa- 
tives have,  indeed,  already  told  with  amazing  frankness  of  their  success 
in  these  directions.  Asphalt  manufacture  has,  therefore,  been  encouraged 
to  become,  to  a considerable  extent,  a matter  of  devising  imitations  rather 
than  developing  normal  products  from  definite  raw  material  and  mar- 
keting them  on  their  merits.  I seriously  doubt  if  the  public  has  been 
better  served  under  this  system  than  it  would  have  been  under  a 
more  frank  method  of  dealing  with  the  subject. 

The  first  important  step  toward  a more  rational  method  of  procedure 
in  the  examination  of  asphaltic  materials  for  highway  purposes  was  doubt- 
less taken  in  connection  with  a survey  of  state  highway  specifications  for 
liquid  asphaltic  products  which  was  undertaken  in  1930  jointly  by  the 
U.  S.  Bureau  of  Public  Roads  and  The  Asphalt  Institute.  This  survey 
was  a preliminary  to  the  extensive  program  of  simplification,  which  was 
subsequently  carried  on  by  the  states  and  the  industry  under  the  spon- 
sorship of  the  Bureau,  to  eliminate  the  confusion  of  results  being  obtained 
in  the  low  cost  types  of  road  construction.  Confronted  with  over  seven 
hundred  products  in  current  use,  under  about  two  hundred  specifications, 
the  executive  committee  in  charge  of  this  preliminary  survey  early  realized 
the  imperative  need  of  a more  simple  yard  stick  to  replace  the  one  hun- 
dred and  nineteen  different  tests  employed  for  evaluating  these  materials. 
As  a consequence,  the  now  generally  recognized  distillation  test  was 
promulgated. 

As  is  well  known  to  most  of  you,  this  test  provided  a laboratory 
method,  more  or  less  arbitrary  it  is  true,  for  separating  volatile  constit- 
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uents  from  base  materials  yet  rational  to  the  extent  that  the  separation 
this  accomplished  revealed  substantially  the  constituents  employed  by  the 
producer.  Instead  of  applying*  a number  of  meaningless  tests  to  unknown 
blends  or  mixtures,  therefore,  their  essential  components  would  be  made 
available  for  separate  study  as  to  their  properties.  This  revolution  in 
testing  enabled  us  to  classify  all  of  the  liquid  asphaltic  road  materials j 
into  three  groups  or  types,  rapid,  medium,  and  slow  curing.  It  thus  served 
to  clear  the  air  of  much  of  the  mystery  and  confusion  surrounding  the 
use  of  these  materials  and  it  provided  a basis  for  specifications  which  has 
since  come  into  extensive  use.  Unfortunately  the  scheme,  although  rational, 
so  far  as  it  went,  offered  nothing  new  when  it  came  to  determining 
the  quality  or  serviceability  of  the  distillation  residues  and  this  has  h 
proved  especially  disconcerting  in  the  case  of  the  soft  and  liquid  base ; 
materials.  It  is  believed,  however,  that  the  usefulness  of  this  important  j 
departure  from  previous  practices  will  become  more  and  more  enhanced 
as  our  research  expands. 

Another  step  in  the  transition  from  purely  identification  tests  to 
tests  indicative  of  quality  occurred  in  the  year  1933  when  Mr.  Oliensis  |i 
presented  to  the  industry  (7)  the  results  of  some  seven  years  research 
in  what  he  has  termed  the  relative  heterogeneity  of  asphalts.  Differentia-  ) 
tion  between  ‘ ‘homogeneous7’  and  “heterogeneous”  asphalts  is  accomplished! 
by  means  of  the  so-called  ‘ 4 spot  test  ’ ’ now  too  well  known  to  require  ji 
detailed  description  here.  Although  the  author  of  the  test  has  made  no  I 
claim  as  to  its  being  a yard  stick  of  either  quality  or  serviceability,  it  I 
afforded,  for  the  first  time,  a direct  insight  into  the  heat  treatment 
accorded  the  asphalt  during  refinement.  Thus,  materials  subjected  to  j 
excessive  temperatures  react  “heterogeneous”  by  showing  a black  spot 
or  nucleus  when  the  naphtha  dispersion  is  dropped  on  paper  or  glass 
while  materials  produced  under  more  moderate  temperature  conditions ; 
are  recorded  “homogeneous”  by  showing  a uniform  brown  stain  or  clear 
varnish-like  film  on  paper  and  glass  respectively. 

While  the  test  is  sufficiently  sensitive  to  identify  asphalts  that  have 
been  only  slightly  and,  perhaps,  unintentionally  overheated,  the  hetero- ; 
geneous  group  includes  all  of  those  products  prepared  from  the  residuals  ' 
of  cracking  operations  in  the  production  of  gasolines.  Coming  out  at  a 
time  when  these  cracked  asphalts  were  being  so  extensively  and,  in  many  ■ 
cases,  surreptitiously  introduced  into  the  highway  industry,  there  is  little  ! 
wonder  that  the  Oliensis  test  filled  a long  felt  need  and  that  it  was ; 
pressed  into  specifications  (8)  with  practically  no  preliminary  or  pro- 
bationary period.  As  in  the  case  of  all  test  methods,  some  troublesome 
border  line  cases  have  arisen  and,  until  the  procedure  is  more  completely 
studied  and  standardized,  careful  discretion  and  judgments  should  be  ! 
exercised  in  the  interpretation  of  such  instances.  In  a more  recent  contri- 
bution (9)  the  author  of  the  spot  test  has  provided  for  determining  the 
degree  of  heterogeneity  by  means  of  varying  mixtures  of  naphtha  and 
xylene  instead  of  the  naphtha  alone  as  used  in  the  basic  method.  One  is 
now  able  to  determine,  for  instance,  the  extent  to  which  an  asphalt  has 
been  “cracked”  and  herein  lies  the  possibility  of  explaining  why  these 
by-product  residuals  have  performed  with  such  varying  degrees  of  success 
in  highway  construction. 
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The  direct  exposure  of  asphalts  to  the  weather  early  attracted  the 
attention  of  investigators  in  the  field  of  asphalt  paving  and  we  have 

:he  work  of  Hubbard  and  Reeve  (10)  and  Reeve  and  Lewis  (11)  as 

examples  of  such  studies.  It  remained  for  the  asphalt  roofing  industry, 

however,  to  develop  an  accelerated  laboratory  test  for  this  purpose. 

As  early  as  about  fifteen  years  ago  the  manufacturers  of  asphalt  shingles 
and  roofing  recognized  the  fact  that  all  asphalts  complying  with  a single 
specification  did  not  behave  the  same  when  subjected  to  weathering  in 

the  form  of  finished  roofings.  Under  the  sponsorship  of  their  technical 

committee  a research  program  was  instituted  and  the  result  has  been  the 
adoption  of  a method  (12)  which  has  become  standard  in  the  industry. 
Under  this  procedure  films  of  asphalt,  oxidized  to  conventional  require- 
ments as  to  melting  point  and  penetration,  are  exposed  to  alternating 

periods  of  ultra  violet  light,  water  spraying  and  freezing  temperature 
These  films,  of  definite  thickness,  are  spread  on  aluminum  panels  which 
are  carried  on  the  inner  surface  of  a vertical  cylinder  around  a standard 
arc  lamp  which  is  the  source  of  the  violet  light  rays.  Break  down  is 
determined  by  the  ability  of  an  electric  current  to  pass  through  the 
disintegrated  film  to  the  panel  backing.  Many  of  the  leading  roofing 
manufacturers  now  require  that  their  asphalts  shall  withstand  a minimum 
number  of  cycles  in  the  accelerated  weatherometer  in  addition  to  meet' 
ing  the  usual  chemical  and  physical  requirements  of  former  practices. 

A further  development  of  the  test  (13)  has  been  the  examination  of  the 
residues  recovered  from  the  water  sprays,  this  showing  the  production 
of  appreciable  water  soluble  materials  as  the  result  of  light  action.  The 
usefulness  of  this  test  to  the  roofing  industry  has  encouraged  the  belief 
chat  possibly  some  test  of  this  kind  might  prove  desirable  in  connection 
with  paving  materials. 

In  1932,  Lewis  and  Hillman  (14)  subjected  a series  of  twenty-two 
samples  of  liquid  asphaltic  road  materials,  of  the  slow  curing  type,  to 
the  action  of  air,  light  and  solar  heat.  Thin  films  of  these  products  were 
exposed  in  shallow  trays  under  quartz  glass;  washed  and  dried  air  was 
drawn  over  their  surfaces.  No  attempt  was  made  to  apply  freezing  tem- 
peratures and,  on  account  of  the  fluid  character  of  these  mateiials,  the 
action  of  moisture  obviously  had  to  be  omitted.  Changes  in  physical  and 
chemical  characteristics  were  determined  periodically  and  the  altered 
materials  were  also  tested  in  admixture  with  mineral  aggregate.  Many 
important  conclusions  were  drawn  from  this  study  but  the  most  outstand- 
ing development  was  that  it  has  discredited  so  many  of  the  laboratory  tests 
used  in  evaluating  these  materials.  Indeed  one  commentator  stated  that 
the  work  seemed  to  warrant  the  scrapping  of  all  of  our  previous  con- 
S ceptions  as  to  this  class  of  road  materials. 

Since  the  work  of  Lewis  and  Hillman,  the  accelerated  weathero- 
meter of  the  roofing  industry  has  been  modified  for  use  with  paving 
and  road  building  asphalts  (15).  In  this  form  of  the  apparatus  arrange- 
ments have  been  made  for  carrying  the  materials  under  test  in  shallow 
trays  on  a horizontal  revolving  table  instead  of  on  panels  affixed  to  the 
inner  wall  of  a rotating  cylinder.  This  change,  of  course,  was 
made  necessary  by  the  fluid  nature  of  practically  all  paving  and  road 
asphalts  as  compared  to  the  stiff  blown  asphalt  of  the  roofing  industry . 
In  the  modified  form,  also,  two  standard  arc  lamps  are  provided  instead 
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of  the  single  one  in  the  case  of  the  roofing-  instrument.  One  of  these 
lamps  is  located  over  the  center  of  the  revolving  table  while  the  otherj 
is  placed  in  a corner  of  the  cabinet  just  outside  of  the  rim  of  the  re- 
volving table.  The  trays  containing  the  specimens  are  placed  around  the 
periphery  of  the  table  and  thus  pass  between  the  two  lamps. 

Apparently  little  if  any  work  has  been  done  on  paving  asphalts  with 
this  form  of  weatherometer  but  some  preliminary  studies  conducted  by 
the  writer  were  rather  discouraging.  A set  of  samples  comprising  RC, 

MC  and  SC  grades,  as  well  as  soft  binders  and  asphaltic  cements  from 
various  sources,  failed  to  show  any  characteristic  break  down  after  several 
months  of  exposure  due  probably  to  the  films  being  too  thick  and  con- 
sequently absorbing  any  decomposition  products  and  deferring  indefinitely 
the  end  point.  Another  disappointment  was  the  inability  to  introduce  the 
waters  sprays  due,  as  already  stated,  to  the  fluid  character  of  the  ma- 

terials under  examination.  It  will  be  interesting  to  hear  if  others  have 
attempted  the  use  of  this  type  of  weatherometer  in  their  studies  of  the 
liquid  asphaltic  road  materials  but  it  is  the  writer’s  view  that,  on  account 
of  the  nature  of  these  materials  and  their  complexity  as  to  grades  and 
consistencies,  its  adaption  will  be  found  rather  difficult. 

In  December  of  last  year,  Mr.  J.  R.  Benson,  in  his  paper  entitled 
“Microscopic  Reactions  in  Translucent  Asphaltic  Films”  (16)  presented 
an  extremely  valuable  contribution  in  the  way  of  an  accelerated  weather- 
ing test  for  asphaltic  road  materials.  As  its  title  indicates,  the  author’s 

studies  are  based  upon  the  exposure  of  extremely  thin  films  of  the  as- 
phaltic materials  to  various  kinds  of  light,  different  temperatures,  and 
combinations  of  these  conditions,  then  examining  these  films  under  the 
miscroscope.  By  this  procedure,  we  are  now  able  to  explore,  in  a relatively 
short  period  of  time,  such  changes  as  coagulations,  flocculation,  pitting, 
hardening,  wax  crystalization  and  other  alterations  which  doubtless  take 
place  under  conditions  of  actual  service.  Indeed,  the  correlation  of  some 
of  these  observations  with  actual  service  results  has  already  been  indi- 
cated. It  will  probably  be  found  difficult,  if  not  impossible,  to  establish 
hard  and  fast  standards  under  this  method  of  evaluation  and  miscroscope 
readings  are,  of  course,  dependent  upon  empirical  judgment  and  interpreta- 
tion. In  the  writer’s  opinion,  however,  it  offers  a most  promising  means  of 
anticipating  the  probable  service  behavior  of  asphaltic  road  materials. 

To  conclude  this  brief  discussion,  it  may  be  safely  said  that  progress 
has  been  made  in  asphalt  research  in  spite  of  the  many  obstacles  and, 
furthermore,  recent  efforts  toward  the  anticipation  of  service  behavior 
of  asphaltic  road  materials  are  apparently  proceeding  along  more  ra- 
tional lines  than  formerly.  The  much  desired  objectives  are,  however,  far 
ahead  and  cannot  be  reached  quickly  and  without  cost.  To  encourage 
research  with  the  idea  of  simply  developing  some  miracle  quality  or 
service  test  will  not  only  fail  to  solve  the  problems  but  will  probably 
lead  to  disappointment.  Competitive  materials,  under  any  specification, 
will  probably  require  variations  in  technique  for  proper  handling  and 
this  feature  seems  to  have  been  greatly  neglected.  Much  work  therefore 
remains  to  be  done  on  the  individual  asphaltic  materials. 

Research  accomplishments  to  date  have  been  largely  the  result  of 
individual  effort  and,  consequently,  more  or  less  disconnected.  The  writer 
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called  attention  to  this  situation  as  far  back  as  1929  (17)  suggesting 
the  advisability  of  pausing  to  take  stock  of  our  accumulated  knowledge 
so  that  we  might  leave  to  future  road  builders  some  basic  principles 
rather  than  a growing  confusion  of  individual  experiences.  Essentially 
the  same  thought  has  been  expressed  in  resolutions  of  the  Montana  Bitumi- 
nous Conferences  and  the  Eleventh  Asphalt  Paving  Conference.  It  was 
also  reflected  in  the  proposal  for  a preliminary  fact  finding  survey  by 
the  Highway  Research  Board  mentioned  in  the  opening  statement  of  this 
paper.  Action  awaits  only  the  provision  of  adequate  financing  and  this 
should  be  the  responsibility  of  all  groups  concerned  with  the  manufacture 
and  use  of  asphaltic  road  materials. 
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Used  in  Bituminous  Surfaces 
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The  bituminous  surface  proper  can  be  considered  as  composed  of  a I 
prime,  mat,  (or  wearing  course),  and  a seal.  The  choice  of  quantities 
and  types  of  bituminous  material  used  in  each  portion  of  the  bituminous 
surface  is  highly  controversial,  but  through  the  conflicting  arguments  j 
certain  standard  practices  are  discernable.  Most  of  these  established  bi- 
tuminous highway  design  and  construction  practices  such  as  the  choice 
of  the  type  and  quantity  of  bituminous  material  are  covered  by  numerous 
highway  manuals,  specifications,  and  published  reports.  These  practices 
are  a combination  of  rationalization  and  deductions,  often  previous  to 
research.  The  justifications  or  the  error  of  these  practices  in  the  light 
of  recent  studies  are  attempted. 

. 

PRIME 

. 

It  is  recognized  by  the  highway  engineer  that  the  functions  of  the 
prime  are : 

1.  To  develop  a film  or  layer  with  proper  physical  and  chemical  prop- 
erties to  make  it  impervious  to  moisture,  thus  protecting  the  mat  above  it. 

2.  To  form  a continuous  bond  between  subgrade  and  mat. 

3.  To  increase  the  effective  thickness  of  the  mat. 

4.  To  consolidate  the  loose  subgrade  when  required. 

It  is  further  recognized  that  the  prime  must  be  below  a certain  j 
consistency  depending  upon  the  type  of  subgrade  to  obtain  the  proper  pene-  | 
tration.  The  lower  limit  of  this  consistency  is  limited  because  too  low 
a viscosity  prime  will  penetrate  too  far,  leaving  a lean  permeable  prime. 

Differences  in  penetration  and  action  in  use  have  been  noted  both 
because  of  differences  as  to  type— that  is,  SC,  MC,  or  RC— as  well  as  the 
character  of  the  bituminous  base.  That  RC  materials  do  not  penetrate  well, 
and  leave  a layer  of  free  asphalt  is  recognized  and  is  due  to  the  solvent's  : 
being  too  light  and  either  it  evaporates  or  is  preferentially  absorbed, 
both  mechanisms  increasing  the  consistency  too  much  for  any  further 
penetration.  This  prime  consequently  is  of  the  membrane  type,  readily  ! 
injured  and  offers  a distinct  plane  of  failure.  However  if  the  base  is 
extremely  absorbent  and  other  materials  continue  to  penetrate  and  conse- 
quently get  lost  the  RC  is  recommended.  Scoria  material,  discussed  by 
Conkling  (5)  is  a graphic  example  where  only  RC  dried  fast  enough  to 
form  a hard  residue  in  time  to  give  a good  impermeable  membrane. 
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It  is  well  known  however  that  MC  and  SC  materials  can  be  best 
used  as  prime,  and  that  all  variables  considered  equally,  MC  is  found  most 
acceptable.  (7)  (20).  Because  of  the  measurable  and  definite  curing 

properties  of  the  MC  it  can  be  expected  to  set  up  due  to  both  evaporation 
and  absorption  of  the  distillate,  leaving  the  asphalt  deposited  as  suitable 
prime  in  the  subgrade  surface.  This  definite  setting  up  of  the  MC  of 
course  increases  the  cementitiousness  of  the  prime,  more  thoroughly  con- 
solidating the  subgrade,  giving  a better  bond  between  subgrade  and  mat. 

Quantities  of  prime  materials  vary  depending  upon  the  conditions  from 
.1  to  .5  gallons  per  square  yard. 

Available  research  data  justifies  the  above  choice  made  by  the  high- 
way engineers  and  materials  departments,  both  as  to  type  and  quantity. 
Studies  of  stabilized  soil  aggregate  mixtures  by  Stoddard  (34)  demon- 
strate the  optimum  priming  material  necessary  to  maintain  a suitable 
moisture  content  in  the  soil.  Although  the  functions  of  the  prime  dis- 
cussed are  the  exact  reverse  of  a prime  under  a bituminous  wearing 
course — that  is,  to  keep  moisture  in  the  subgrade — the  mechanics  of  this 
prime  are  the  same  and  consequently  Stoddard’s  information  is  of  interest 
with  respect  to  primes  under  bituminous  surfaces.  He  has  shown  the  merits 
of  the  MC  cutbacks  as  compared  to  numerous  other  bituminous  materials. 
He  has  concluded  that  on  the  particular  subgrade  investigated  in  his 
laboratory  that  .4  gallons  MC-1  grade  was  the  most  suitable  prime.  Briefly 
summarizing  some  of  his  data  we  find  that  .4  gallons  per  square  yard 
MC-1  permitted  transfer  of  .243%  loss  relative  to  the  loss  of  the  untreated 
surface,  as  compared  to  1.232  for  M.C-2,  1.251  for  SC-1,  1.047  for  SC-2,  .303 
for  RC-1,  .948  for  RC-0,  0.512  for  TC-2. 

The  low  transfer  of  moisture  with  the  RC  material  can  be  probably 
attributed  to  the  formation  of  a thin  continuous  film  of  asphalt  on  the 
surface  of  the  subgrade  rather  than  a prime  which  is  part  of  the  sub- 
grade. Naturally  such  a prime  would  not  be  satisfactory  on  other  than 
very  absorptive  bases,  because  it  is  easily  injured  and  would  not  offer 
a suitable  bond  of  the  mat  to  the  subgrade. 

Stoddard  also  shows  that  for  application  of  0.4  gallons  per  square 
yard  that  Hie  MC-1  penetrates  .557  inches  as  compared  to  .516  for  SC-1 
and  .419  for  SC-2,  all  for  the  given  laboratory  subgrade  conditions.  It  is 
of  interest  to  note  that  the  MC-1  depth  of  prime  is  only  12%  better  than  the 
SC-1,  but  its  effectiveness  as  a prime  against  moisture  is  far  better  ; i.  e., 
ratio  of  .243  to  1.251. 

Although  Stoddard’s  work  has  been  limited  to  evaporation  from  primed 
surfaces,  the  mechanism  of  the  transfer  of  vapors  through  membranes 
indicates  that  all  other  variations  remaining  the  same,  the  same  primes 
will  show  relatively  the  same  resistance  to  the  passage  of  water  itself. 

The  work  reported  by  Kelley  (13),  Stanton  and  Ilveem  (32),  Allen 
and  Gibson  (1),  Benson  (2),  etc.,  on  a superior  adhesion  of  cutbacks  and 
asphalts  as  compared  to  SC  further  verifies  the  highway  engineer  s choice 
of  MC  primes.  It  would  seem  logical  that  materials  most  resistant  to  dis- 
placement by  water  would  be  the  best  material  to  place  in  the  prime. 
Further  the  above  and  other  sources  (35),  indicate  the  higher  the  con- 
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sistency  of  the  material  the  more  resistance  to  displacement.  Consequently! 
MC  materials  which  eventually  develop  a penetration  asphalt  base  should:-] 
be  superior.  Unpublished  work  by  other  research  laboratories  shows  thatt 
the  actual  transfer  of  moisture  across  a membrane  for  a given  asphalts 
is  materially  lower  the  higher  the  consistency.  This  would  infer  the  superi-  ' 
ority  of  the  cutbacks  with  their  development  of  a penetration  asphalt!] 
residue. 

Further  deduction,  partially  substantiated  by  research,  indicates  that  . 
high  gravity  high  asphaltene  positive  spot  materials  are  better  primes 
than  the  normal  typical  negative  spot  material.  Available  reports  (28) 
(44),  on  the  bituminous  treatment  of  soils  indicates  superiority  of  these  a 
positive  spot  materials  is  very  high  and  cannot  be  ignored  to  get  the  best! 
results.  The  superior  adhesion  to  mineral  surfaces  relative  to  water  as  shown! 
by  the  various  wash,  adhesion  and  swell  tests  further  substantiates  this; 
opinion.  The  lower  permeability  as  well  as  the  absorption  of  water  and ; 
moisture  (unpublished)  of  positive  spot  relative  to  negative  spot  materials 
further  justifies  serious  consideration  of  MC  materials  of  this  type  to 
obtain  the  optimum  prime  and  waterproofing. 

MAT  OR  WEARING  COURSE 

Proportion  and  type  of  bitumen  in  a mix  are  extremely  important  as 
they  must  cement  the  individual  particles  of  the  aggregate  together  to 
form  a bond  capable  of  resisting  the  direct  forces  of  the  traffic,  contri- 
bute to  beam  action  wherever  possible,  recement  particles  in  case  of  rup-  j 
ture,  resist  water  action,  and  weather  properly. 

Table  1 summarizes  current  practices  as  to  choice  of  the  type  of 
asphaltic  materials  for  various  types  of  construction  and  aggregate  (7). 
Examination  shows  a decided  preference  for  MC  and  SC  materials  for 
densely  graded  road  mixes,  and  MC  or  soft  asphalt  for  densely  graded 
plant  mixes.  MC  or  RC  materials  or  various  consistency  asphalt  cements 
are  more  generally  used  for  the  more  open  graded  aggregates  depending 
upon  the  conditions  and  type  of  construction.  The  above  practices  are 
discussed  in  detail  relative  to  the  various  types  and  grades,  types  of 
constructions,  aggregates,  and  quantities  in  the  various  procedings  of 
the  Montana  National  Bituminous  Conference,  Asphalt  Paving  Technologists,  j 
Highway  Research  Board,  State  and  Federal  Specifications,  and  Asphalt 
Institute  manuals. 

In  general  the  MC  has  been  accepted  in  preference  to  SC  for  densely 
graded  aggregate.  Further  the  trend  is  towards  the  use  of  higher  vis- 
cosity liquid  products  and  softer  asphalt  cements  (7)  (13).  The  proper 

quantities  are  still  being  applied  on  the  basis  of  formulae,  visual  observa- 
tion of  the  engineer,  laboratory  trial  mixes  using  the  Hubbard-Field  Sta- 
bility (9)  Ilveem  stabilometer  (32),  or  various  modifications  of  shear  tests 
(15)  (30)  (31),  compression  tests,  etc.  to  establish  the  proper  limits  of 
stability.  The  trend  is  towards  the  use  of  the  maximum  amount  of  bitumi- 
nous material  that  can  be  used  without  danger  of  shoving  as  it  is  felt 
that  stability  has  been  over-emphasized  at  the  expense  of  other  important 
properties  such  as  workability  and  durability  (9)  (12).  Better  correlation 
of  laboratory  tests  and  service  are  being  found.  Adhesion  is  being  more 
critically  considered  (6)  (17)  (43). 


—188— 


The  preference  for  the  MC  at  the  expense  of  SC  is  generally  sub- 
stantiated by  research.  Work  on  adhesion  by  the  various  investigators  indi- 
cates the  better  adhesion  as  measured  by  the  various  wash,  swell  tests, 
etc.,  of  the  MC  for  aggregate  under  even  adverse  conditions — that  is, 
moisture,  dust,  lyophilic  aggregate  (1)  (2)  (14)  (17)  (32)  (37)  (43). 
(Available  information  also  shows  higher  stability  of  MC  Mixes  and  that 
to  get  a suitable  stability,  workability,  the  proportions  of  the  MC  and 
filler,  or  gradation  are  not  as  critical.  Powers  (24)  enumerates  his  preference 
for  MC’s  as  follows: 

1.  Definitely  developes  a stronger  binder  than  SC ; 

2.  It  does  not  lose  its  workability  to  any  extent  under  varying 
working  conditions; 

3.  It  develops  sufficient  binding  strength  to  be  successfully  laid  with 
lower  filler  content  aggregate ; 

4.  It  is  less  susceptable  to  displacement  by  water ; 

5.  Leaves  a residual  product  of  rather  soft  consistency.  Wood  (42), 

Nevitt  (20),  and  Bollen  (4),  Russel  (29),  Nuss  (21),  Kelley  (13),  and 

others  find  that  the  proper  grade  of  MC  results  (in  addition  to  the 

jreasons  outlined  above)  in  a tougher  surface  with  better  non-skid  proper- 
ties, less  critical  proportioning  of  oil  and  aggregate,  better  specification 
control  of  the  asphalt  present,  and  higher  proportion  of  a penetration 
asphalt  for  a given  viscosity  or  workability. 

Powers  points  out  that  there  are  possible  difficulties  in  reworking 
MC  mixes  as  compared  to  SC,  but  feels  that  as  MC  is  more  easily  propor- 
tioned and  laid,  the  possibilities  of  reworking  are  smaller  as  long  as  the 
base  is  satisfactory.  Benson  (2)  and  Russell  point  out  that  under  some 
conditions  some  MC  materials  harden  in  the  surface  and  result  in  mats  which 
may  be  brittle,  harsh,  and  lack  self-healing  properties.  Because  SC  ma- 
terials do  harden  very  slowly  they  have  been  recommended  as  a possible 
solution.  However  information  on  the  relative  merits  of  this  solution  is 
not  available  as  an  insufficient  number  of  SC  and  MC  mixtures  from  mats 
under  the  same  conditions  have  been  examined  to  conclusively  indicate 
that  excessive  hardening  happens  irrespective  of  the  type  of  MC  tj^pe  cut- 
back or  that  it  is  limited  to  medium  or  light  cutbacks.  Another  solution 
is  the  use  of  softer  base  MC’s.  This  is  to  be  recommended  because  the  in- 
herent advantages  substantiated  in  both  the  field  and  laboratory  of  the 
MC’s  should  not  be  lost.  Kansas,  South  Dakota,  and  Illinois,  have  recently 
written  suitable  specifications  in  this  respect.  California  has  had  a soft  base 
MC,  their  POMC  (32),  and  for  some  time  have  found  it  a very  success- 
ful material.  Unfortunately  with  most  of  the  current  specifications,  in  spite 
of  a 300  penetration  maximum  distillation  residue,  materials  appreciably 
above  200  penetration  cannot  be  shipped  because  of  the  100  plus  ductility  re- 
quirement on  the  distillation  residue.  Typically  asphaltic  materials  softer 
than  200  penetration  are  too  soft,  and  ductility  specimens  flow  apart  in- 
stead of  pulling  to  a thread.  That  this  failure  of  the  soft  distillation 
residue  is  not  a typical  ductile  failure  is  demonstrated  by  the  100  plus 
ductility  of  a soft  non-ductile  distillation  residue  air  reduced  to  100 
pene+ration.  Requiring  a 100  plus  ductility  on  distillation  residue  air 
reduced  to  100  penetration  would  be  a plausible  requirement  for  soft 
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base  MC's,  permitting  200-300  penetration  distillation  residue  on  current 
distillation  residue  penetration  limits  or  even  softer  if  proper  modifications 
are  made  to  evaluate  the  consistency  of  the  distillation  residue ; and  the 
distillation  is  modified  for  the  various  grades.  These  soft  base  residues 
can  be  expected  to  reduce  the  brittleness  of  the  mat  as  experience  indi- 
cates that  merely  changing  the  penetration  requirements  20  degrees  from 
the  50-60  penetration  asphalts  has  shown  at  least  50%  reduction  in  crack- 
ing and  similar. 

The  trend  of  softer  asphalt  cements  for  asphalt  concrete,  sheet  as- 
phalts, and  similar,  is  also  consistent  with  the  available  data  (9)  (25)  (26) 
(27).  Recent  investigators,  although  probably  differing  in  their  exact 
limits  feel  certain  that  the  final  consistency  and  ductility  of  the  asphalt 
cement  in  a bituminous  surfacing  must  be  over  a given  minimum.  Bitumi- 
nous material  hardens  to  a measurable  degree  under  atmospheric  condi- 
tions and  do  so  to  a higher  degree  under  the  high  temperatures  of 
mixing  and  laying.  The  general  recommendations  summarized  by  Hubbard 
are:  (1)  to  use  as  soft  an  asphalt  cement  as  is  possible  without  danger 
of  shoving,  moisture  trouble,  etc. ; (2)  use  as  high  a per  cent  as  is  possible 
without  shoving  or  displacement : i.  e.,  increase  the  film  thickness  to  the 
maximum  practical  limit  thereby  reducing  the  permeability  as  well  as  re- 
ducing the  effect  of  air  on  the  extensive  asphalt  films;  (3)  Mix  and 
lay  mixes  at  as  low  temperatures  and  in  as  short  a time  as  is  possible; 
(4)  compress  mixtures  thoroughly  and  use  seal  coats  to  further  reduce 
air  permeability. 

The  use  of  the  highest  viscosity  liquid  asphaltic  material  is  consistent 
with  research.  It  has  been  demonstrated  that  the  stability  or  cohesion 
as  measured  by  the  various  stability  and  shear  tests  is  higher  with  the 
higher  consistencies  (15)  (32).  Consequently  the  proportion  of  the  mix, 

filler,  aggregate  are  not  as  critical.  The  resulting  thicker  films  tend  to 
give  a tough  resilient  mat  more  impervious  to  moisture,  and  weathering. 
Finally  the  adhesion  of  the  bituminous  material  relative  to  water  on 
aggregate  is  improved  with  the  higher  consistency  material  (14)  (17) 

(32)  (37). 

The  proper  proportioning  of  bitumen  in  road  surfaces  involves  numerous 
variables  and  many  methods  of  proportioning  such  mixtures  have  been 
proposed.  Some  methods  are  based  on  surface  area  evaluated  by  means 
of  formulae  or  charts  in  terms  of  grading  surface  area,  type  of  filler, 
etc.  Other  methods  are  based  on  maximum  density  or  minimum  voids. 
Stability,  flexibility,  cohesion,  and  shear  tests  on  laboratory  mixes  also 
are  used  to  evaluate  the  proper  bitumen  content.  In  general  although  the 
analysis  and  probable  application  are  rational  the  variables  are  so  numerous 
and  often  large  that  the  actual  application  may  be  empirical,  and  there 
is  a trend  towards  abandoning  the  formulae  and  equations  and  relying 
on  laboratory  observations  and  judgment  of  the  engineer.  It  is  believed 
that  probably  laboratory  proportioning  of  the  bitumen  and  on  this  basis 
determining  the  proper  constant  for  the  formula  which  is  then  used  to 
adjust  the  bitumen  content  for  such  field  variations  as  occurs  is  most 
ideal. 

The  use  of  formulae  to  proportion  the  bitumen  content  in  the  low 
cost  road  as  reviewed  by  Hubbard  (10,  Hveem  (32)  and  Nevitt  (19) 
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indicates  that  most  successful  application  is  on  the  basis  of  surface  area. 
However  there  are  other  variables.  The  character  of  the  aggregate,  specific 
gravity,  shape,  texture,  gradation,  absorptive  properties,  and  percentage 
of  voids  are  also  involved.  In  addition  Nevitt  found  it  necessary  to  in- 
clude some  consideration  of  the  oil  viscosity  for  a more  general  applica- 
tion of  these  formulae. 

Bollen  (3)  (4)  includes  in  his  modified  New  Mexico  formula  a 
factor  characterizing  the  type  of  fines  on  the  basis  of  the  Nebraska 
stability  index  “S”.  Such  an  index  or  the  indices  of  Traxler  (36),  New- 
man (18),  or  Traxler,  Omstead,  and  Bollen  (38)  could  also  be  applied  to 
modifications  of  other  existing  formulae  to  correct  for  variations  in  the 
type  of  fines. 

Hubbard  in  summarizing  the  proportioning  of  bitumens  points  out 
that  the  proportion  of  bitumen  in  a hot  mix  hot  aggregate  requires  appli- 
cation of  entirely  different  concepts  than  for  the  low  cost  road  cold  mix 
proportioning,  and  that  these  hot  mixes  can  be  best  proportioned  on  the 
basis  of  voids  or  densities.  However  data  by  Yokac  (40)  (41)  indicate 

voids  are  not  critical  as  long  as  they  are  within  reason  and  accordingly 
the  void  concept  should  be  only  used  to  supplement  proportions  decided 
upon  in  the  laboratory.  The  general  experience  indicates  surface  area 
considerations  in  the  proportioning  of  hot  mix  surfacing  will  result  in  a 
lean  mix.  Similarly  proportioning  bitumen  in  a cold  mix  type  of  surfacing 
on  the  basis  of  voids  would  give  an  excessively  rich  mix. 

Investigations  ~ of  these  discrepancies  by  Hubbard  seems  to  indicate 
that  a pore  viscosity  concept  could  be  more  generally  applied  to  various 
types  of  mixes,  but  as  yet  enough  information  is  not  available  for  practical 
application. 

Physical  evaluation  in  the  laboratory  of  the  service  behavior  of  bitumi- 
nous mixes  has  progressed.  Numerous  tests  have  been  developed.  The  shear 
tests  (15)  (26)  (27),  impact  tests  (25)  (26)  (27)  (39)  compressive  strength 
tests  (40)  (41),,  beam  deflection  (25)  (26)  (27),  Hubbard-Field  Stability 
(11),  Hveem  (32),  stabilometer,  cohesiometer  (32),  and  Pieffer-Cell  (22) 
are  a partial  list  of  these  tests.  Prediction  of  the  service  behavior  of  the 
materials  in  use  as  indicated  with  these  tests  are  being  made,  and  possibly 
the  most  complete  investigations,  including  tests  on  the  same  mixtures  by 
most  of  the  above  tests,  in  this  respect  are  those  of  Yokac  (40)  (41). 

In  general  he  finds  the  impact  test  shows  the  least  correlation  with 
service  behavior.  On  the  basis  of  one  year’s  performance  the  per  cent 
voids  is  not  critical  so  long  as  they  are  within  reasonable  limits.  He 
does  however  believe  that  the  excessive  voids  will  eventually  be  deteri- 
mental.  The  Skidmore-Shear  in  this  comparison  is  not  found  sensitive  to 
factors  offering  satisfactory  service  behavior.  Yokac  feels  direct  shear  is 
foreign  to  service  conditions.  The  PIubbard-Field  being  a measure  of  the 
flow  of  the  mix  through  an  orifice  involves  shear  and  is  unsatisfactory 
for  the  same  reasons  as  the  Skidmore-Shear  tests.  Further  the  dimensions 
of  the  orifice  and  mold  must  be  so  carefully  controlled  that  it  is  difficult 
for  different  investigators  to  get  good  checks.  Vokac  does  find  that  the 
compressive  strength,  the  elastic  limit,  and  the  modulus  of  the  elasticity, 
the  latter  being  the  least  critical,  are  indicative  of  service  behavior  of 
the  cold  mix  powdered  aspKalt  flux  bound  surfaces  and  the  hot  mix 
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50-60  penetration  asphalt  surfacings.  The  limits  for  satisfactory  behavior 
are  outlined  in  Table  II.  The  above  does  not  necessarily  mean  that  if  the 
tests  fall  outside  the  prescribed  limit  for  a B surface  the  mix  will  be 
a failure.  This  is  true  even  when  working  with  mixes  and  bitumens  exactly 
duplicating  those  used  to  make  the  above  comparisons.  It  is  quite  possible, 
as  an  examination  of  the  Table  will  show,  to  have  a mix  exhibiting  good 
characteristics  outside  of  the  prescribed  limits  for  B mixes. 

Raschig  and  Doyle  (26)  (27),  and  Rader  (25)  have  evaluated  the 
modulus  of  rupture  and  elasticity  of  sheet  asphalts  at  low  temperatures  and 
correlated  their  results  with  the  cracking  of  the  pavement.  Their  in- 
vestigations indicate  that  maximum  bitumen  content,  maximum  film  thick- 
nesses and  maximum  densities  using  softer  asphalts  are  desirable. 

The  adhesion  of  bituminous  materials  to  aggregates  is  receiving  more 
and  more  consideration  on  the  part  of  highway  engineers  as  it  is  felt 
that  good  adhesion  is  necessary  for  satisfactory  service.  The  fundamentals 
of  this  particularly  difficult  problem  have  been  discussed  by  McLeod, 
winterkorn,  Kelley,  Tremper,  Mack,  Nicholson,  Hveem,  Lee  and  others 
(14)  (17)  (32)  (27)  (43).  Higher  adhesion  is  observed  wuth  increasing 

consistency  of  bitumen,  with  the  medium  and  light  cutbacks  over  SC,  with 
high  asphaltene  content  asphalt  over  low  asphaltene  content  asphalt,  with 
tars  and  typically  positive  high  gravity  material  over  typically  negative 
spot  materials.  Further  large  differences  in  adhesion  have  been  observed 
between  aggregates,  depending  on  both  their  physical  and  chemical  nature, 
and  upon  their  adsorbed  films.  Improvement  of  the  adhesion  of  bitumen 
to  aggregate  is  indicated  possible  by  the  proper  choice  of  bitumen  or  ag- 
gregate or  by  treatment  of  the  aggregate.  Because  of  the  complexity 
of  the  subject  all  investigators  feel  that  the  field  conditions  of  the  treat- 
ment of  the  aggregate  and  bitumen  should  always  be  adopted  in  the 
laboratory’s  investigation  of  the  adhesion. 

SEALS 

The  primary  purpose  of  the  seal  is  to  prevent  the  passage  of  moisture 
or  water  from  the  top  of  the  surface  into  the  mat:  secondly  it  should 
add  strength  to  the  surface  as  that  is  where  the  wear  and  tear  is  con- 
centrated. Finally  proper  depth  of  penetration  continued  impermeability, 
reasonable  life,  ease  of  application,  are  required  for  the  optimum  sealing 
material.  As  discussed  here  the  term  sealing  is  limited  to  treatments  whose 
primary  purpose  is  to  waterproof  and  strengthen  the  surface  but  not  thicken 
it.  Any  cover  used  it  only  in  small  amounts  and  used  only  to  protect  the 
seal.  Any  procedure  thickening  the  wearing  course,  although  it  serves  the 
purpose  of  a seal,  is  here  defined  as  an  armor  coat  or  similar. 

Accepted  practices  and  recommendations  vary.  RC,  MC,  SC,  and  soft 
asphalts  of  various  consistencies  are  used  in  various  localities,  with  prob- 
ably RC  being  the  most  generally  accepted.  The  quantities  vary  with  the 
condition  and  type  of  surface  and  type  of  seal. 

The  most  comprehensive  survey  of  seals  is  the  report  of  Legault  (16). 
The  relative  merits  of  the  various  types  of  seals  investigated  are  summarized 
in  Chart  I on  percentage  basis  of  the  perfect  seal.  For  complete  details 
the  original  bulletin  is  recommended.  Legault ’s  investigation  included 
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field  studies  of  the  relative  moisture  permeability,  wearing  surface  qualities 
and  bond,  and  the  non-skid  properties.  Laboratory  studies  of  the  extent 
of  penetration  of  the  seal  at  various  quantities  applied  under  various 
conditions  of  the  various  seal  materials,  the  rate  of  penetration,  permeability, 
tensile  strength,  compressive  strength,  and  drying  time,  were  made.  On 
the  basis  of  these  investigations  the  special  seal  whose  properties  are  sum- 
marized in  Table  III  has  the  best  combination  of  properties,  a very  high 
rate  of  penetration  was  shown  to  insure  the  full  seal,  rapid  drying  facilitates 
application  and  does  not  appreciably  hold  up  the  traffic,  its  high  strength 
and  high  ductility  insure  a complete,  tough,  leathery  seal.  Its  high  im- 
permeability is  shown  and  assures  a good  seal.  Further  it  can  be  anticipated 
that  this  material  will  show  relatively  high  adhesive  properties  because 
of  its  high  consistency  base  (14)  (17).  "Reports  by  Wyoming,  Montana, 
and  Iowa,  where  the  seal  has  been  successfully  used  verify  Legault’s 
observations.  The  use  of  SC,  MC,  and  soft  base  materials  as  seals  is  not 
generally  a good  practice,  and  although  the  seal  with  the  use  of  these 
seems  satisfactory,  better  results  can  be  secured  by  using  materials  par- 
ticularly adapted  for  the  purpose.  It  would  appear  that  although  there 
are  variations  in  the  surface,  the  requirements  of  the  bituminous  sealing 
materials  for  optimum  results  are  more  exacting  than  the  requirements  in 
the  mat  itself.  Investigations  of  the  practice  of  making  lean  mixes  im- 
mediately followed  by  a seal  as  compared  to  making  a normal  binder 
content  mat  are  not  available.  However  the  opinion  of  active  technologists 
(9)  (10)  (12)  25)  27)  (32),  leaves  one  with  the  impression  that  it  is  un- 
desirable to  over-emphasize  stability  at  the  expense  of  other  important 
properties  which  in  this  instance  are  flexibility,  workability  and  perme- 
ability, and  that  lean  mats  with  extremely  thin  bituminous  films  are  quite 
subject  to  oxidation  and  other  weathering  deteriorating  influences  even 
if  they  are  properly  sealed.  All  other  conditions  being  equal  the  optimum 
per  cent  bitumen  should  be  able  to  better  resist  moisture,  ravelling,  im- 
pact, abrasion,  and  oxidation.  Stanton  and  Hveem  further  point  out  that 
in  the  event  of  reworking,  richer  mixes  are  preferable  (12)  (32). 

It  would  be  of  interest  to  lay  two  surfaces  identical  in  every  respect 
except  for  the  binder  content,  and  after  a suitable  period  in  service, 
compare  the  consistency  of  the  asphalt  present  in  the  mat.  The  possibilities 
are  the  lean  thin  films  would  have  hardened  appreciably  faster  than  the 
films  in  the  normal  bitumen  content  mix. 

GENERAL 

The  more  exact  and  less  empirical  of  the  physical  and  chemical 
properties  of  bituminous  mixes:  that  is,  strength  and  adhesion  are  rapidly 
permitting  the  more  rational  choice  of  a suitable  bituminous  surfacing 
material  as  to  type,  character,  and  quality  of  bitumen.  There  are  so  many 
variables  and  the  development  is  so  rapid  that  the  exact  universal  limits 
are  not  possible.  More  data  and  a closer  correlation  between  laboratory 
and  field  results  will  however  make  this  possible.  This  should  result  in 
the  rational  design  of  bituminous  surfaces  on  the  same  sound  basis  as 
bridge  and  other  structural  design. 

Summarizing  verification  of  accepted  general  practices  as  indicated 
by  recent  research  data  we  find : 
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1.  MC  materials  preferably  positive  spot,  are  the  best  primes  with 
quantities  and  the  viscosity  depending  upon  the  base  and  climatic  conditions. 

2.  Light  and  medium  cutback  asphalts  and  soft  penetration  asphalts  are 
more  acceptable  than  SC  for  bituminous  mats  although  preliminary  data 
indicates  hardening  of  MC’s  current  up  to  a year  ago.  The  proper  specifica- 
tion of  soft  base  MC  materials  should  correct  this  difficulty.  The  propor- 
tioning of  bituminous  materials  at  present  depends  on  the  type  of  mix, 
the  properties  of  the  aggregate,  etc.,  and  is  best  determined  in  the  labora- 
tory or  its  equivalent.  The  hot  mix  can  be  approximately  proportioned  on 
the  basis  of  voids ; the  cold  mix  on  the  basis  of  surface  area,  with  both 
being  more  and  more  apportioned  on  the  basis  of  laboratory  tests  of 
stability,  etc.  Adhesion  should  be  considered  in  the  proper  choice  of 
bituminous  materials  with  the  higher  consistency  asphalts,  the  cutbacks 
and  the  tar  and  typically  positive  spot  materials  showing  better  adhesion 
than  soft  asphalts,  SC  materials,  and  negative  spot  materials. 

3.  RC  and  particularly  a special  seal  RC  material  seems  the  most  suit- 
able seal  material  in  spite  of  the  usual  practice  of  using  numerous  other 
types.  The  proper  per  cent  of  binder  in  a mat  with  a subsequent  seal  also 
seems  more  desirable  than  a lean  mat  with  an  immediate  seal. 
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TABLE  I 

TABLES  OF  ASPHALTIC  PRODUCTS  ACCORDING  TO  AGGREGATE 

ASPHALT  CEMENT 


Penetration  Macadam 

85-100,  100-120,  120-150  penetration  according 
to  temperature — intensity  of  traffic. 

Plant  Mix  (Cold  Laid) 

85-100  penetration  with  liquefier,  or  250  to 
350  without  liquefier  according  to  aggregate 
gradation. 

Plant  Mix  (Hot  Laid) 

(a)  Sand  Asphalt 

70-85,  85-100  penetration. 

(b)  Sheet  Asphalt 

50-60,  70-  80  penetration 

(c)  Asphaltic  Concrete 

60-70,  70-  85  penetration 
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LIQUID  ASPHALTIC  PRODUCTS 


(See  Specifications  Liquid  Asphaltic  Materials) 


Dust  Layer 

Primer  Closed  Surface 
Open  Surface 
Seal  Coat  Light 
Heavy 
Mulch  Treatment 
Uold  Patch  Summer 
Winter 


| RC 
I Rapid 
Curing 

1|  2|  3|  4 


MC 

Medium  j 
Curing 

I 

l!  2|  3!  4 


X 


X 


X 


X 


X 


Road  Mix  (A)  Coarse  Aggregate  Type 
Road  Mix  (B)  Open  graded,  roller  compacted, 
max.  dia.  m",  high  per  cent  passing  10 
mesh,  low  200  mesh 

Road  Mix  (C)  Dense  Graded.  Traffic  com- 


SC 

Slow 

Curing 


1 

X 


X 


4 


pacted,  max.  dia.  1 y2",  high  per  cent 

passing  10  mesh 

Dry  Climate,  cool  weather 

Dry  Climate,  hot  weather 

Severe  Climate 


X 


Cold-Laid  Plant  Mix 

(a)  Open  Aggregate — no  fines 

(b)  Dense  Graded,  1"  max.  dia.,  high 
passing  10  mesh,  low  200  mesh,  traf- 
fic compacted — Dry  Climate 

Severe  Climate 

(c)  Open  graded  1"  max.,  high  per  cent 
10  mesh,  low  200  mesh,  roller  com- 
pacted 

(d)  Open  graded,  1"  max.,  high  per  cent 
passing  y±  \ no  200  mesh 


X 


X 


x| 


TABLE  II 

PHYSICAL  PROPERTIES— SERVICE  BEHAVIOR  CLASSIFICATION 

(From  Data  by  Vokac) 


Pavement  HOT  MIX  SHEET  ASPHALT  COLD  MIX  SHEET  ASPHALT 


Classification 

A 

B 

C 

A 

B 

C 

Stability  at  140°  F. 

2,400  + 

1100-3600 

1,300- 

1,560+. 

1100-2180 

1,780- 

Shear  at  140°  F. 

41  + 

22-59 

27- 

19.2  + 

16.8-29.0 

24.2- 

Compressive  Strength 

1,000  + 

575-1225 

600- 

810  + 

580-925 

600- 

Elastic  Limit 

850  + 

525-1025 

525- 

550  + 

300-630 

340- 

Modulus  of  Elasticity 

12,000  + 

8000-18000 

8,500- 

32,000  + 

22000-41000 

35,500- 

Modulus  of  Perm.  Def. 

. 4,750  + 

1750-5750 

2,000- 

3,200  + 

1750-5200 

2,700- 

Voids  Per  cent 

2.6  + 

2. 0-6. 4 

3.2- 

3.25  + 

1.60-5.70 

3.35- 

NOTE:  Service  Classification  by  Letter  after 

1 year 

service 

A — Harsh,  dry,  abrasive. 
B — Normal,  satisfactory. 
C — Rich,  shoving,  rolling. 


Asphalt  Cements — 

Hot  Mix:  Principally  50-60  penetration  asphalt. 
Cold  Mix:  Powdered  Trinidasco  and  flux. 
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TABLE  III 


(Legault  “Seal  Coats  for  Bituminous  Surfaces”  Bulletin  440, 
Colorado  Experiment  Station). 

RESULTS  OF  STANDARD  TESTS  OF  BITUMINOUS  SEALING  MATERIALS 


Special  95  Road 

Seal  RC-1  RC-1  MC-1  SC-3  Oil 

Manufac- 
turer* Asphalt  Colorado  Colorado  Colorado  Colorado 
Institute 

Wyoming  Illinois  Wyoming  Wyoming  Wyoming  Wyoming 


Type 

Specifi- 
cation : 

Source 

Tests 


Viscosity 
Furol  Secs. 


@ 77°  F. 

@ 122°  F. 

176 

132 

92 

104 

@ 140°  F. 

261 

Flash  °F. 

85 

88 

120 

150 

290 

415 

Distillation 

Per  Cent  off 

@ 374°  F. 

12.0 

11.0 

5.0 

@ 437°  F. 

25.0 

21.0 

17.0 

2.5 

@ 600°  F. 

37.0 

30.5 

30.0 

38.0 

0.0 

@ 680°  F. 

39.5 

32.5 

32.5 

42.0 

2.0 

Float  on  original 

@ 122°  F. 

236 

Penetration  of 

Dist.  Residue 

@ 77°  F. 

36 

93 

102 

130 

Solubility  in 

CC14 

Original 
Dist.  Res. 

99.6 

99.5 

99.9 

99.9 

99.9 

99.9 

100  Pen.  Res. 

68 

97 

Ductility  @ 77°  F. 

5 cm/min 
100  Pen.  Res. 
Dist.  Res. 

110  + 

110  + 

110  + 

110  + 

110  + 

110  + 

Ductility  @ 39.2°  F. 

5 cm/min 
100  Pen.  Res. 
Dist.  Res. 

0 

8.6 

11.0 

7.4 

7.0 

*The  specification  on  which  this  seal  was  furnished  was  developed  from  tentative  specifi-  i 
cations  on  which  special  seal  was  supplied  to  highway  projects  of  several  mid-western  i 
states. 
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A Critical  Evaluation  of  Systems  of  Soil  Classification 
as  Applied  to  Highway  Engineering 

By 

0.  L.  STOKSTAD,  Soils  Engineer 
Michigan  State  Highway  Department 

Most  literature  dealing  with  the  subject 
of  soil  investigations  for  highway  purposes 
concerns  itself  with  a discussion  of  frost  ; 
heaving,  drainage,  fill  construction,  stabili-  j 
zation,  and  the  various  testing  procedures 
with  the  computations  involved. 

Insufficient  emphasis  is  being  placed 
on  the  importance  of  getting  acquainted  in 
general  with  the  various  soils  as  they 
exist  in  the  field  and  are  encountered  dur- 
ing highway  construction  operations.  Test 
results  are  therefore,  not  sufficiently  asso- 
ciated with  individual  soils,  an  association 
which  is  quite  necessary  if  an  endless  repe- 
tition of  sampling  and  testing  is  to  be 
avoided. 

The  Argentine  report  to  the  Eighth 
.Road  Congress  at  the  Hague — 1938  is  of 
special  interest  in  this  respect.  The  Ar- 
gentine Republic  is  apparently  developing  a technique  for  making  soil  ! 
studies  for  highway  purposes  which  combines  the  Pedological  approach 
to  soil  classification  with  testing  procedures  designed  to  shed  information 
as  to  the  performance  of  various  soil  materials  when  used  for  highway 
subgrades.  An  interesting  side  light  on  the  highway  soil  investigations 
in  Argentine  is  that  the  soil  surveys  are  also  used  in  preparing  a soil 
(edaphological)  map  of  the  Republic.  The  U.  S.  Bureau  of  Public  Roads 
rendered  assistance  by  loaning  the  Republic  one  of  their  soil  specialists. 

The  purpose  of  soil  classification  is  to  simplify  soil  studies  through 
organization  of  data,  thus  making  it  possible  to  cover  more  ground  with 
less  effort  and  thereby  increasing  the  effectiveness  of  the  soil  engineering 
personnel. 

The  outline  submitted  by  the  chairman  for  the  committee  on  Research 
requests  a critical  evaluation  of  systems  of  soil  classification  as  applied  to 
highway  engineering.  In  this  connection  the  discussion  which  follows 
will  be  confined  to  the  subject  of  mineral  soil  investigations  for  road 
metal  foundations  and  for  general  treatment  of  the  highway  right-of-ways. 

The  systems  of  classification  suggested  for  discussion  are  as  follows: 

1.  Classification  of  soil  textures  as  illustrated  by  the  triaxial  chart 
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contained  in  Ohio  Bulletin  No.  85,  “Some  Effects  of  Soil,  Water, 
and  Maintenance  of  Highways.”  F.  N.  Eno. 

2.  The  classification  of  soils  into  eight  groups  based  on  tests  designed 
to  reflect  performance — the  system  developed  and  used  by  the 
U.  S.  Bureau  of  Public  Roads. 

3.  The  Pedological  system  of  soil  classification  which  separates  soils 
into  (1)  zonal  groups,  (2)  series  (3)  types  and  (4)  phases.  This 
system  is  in  use  by  the  U.  S.  Bureau  of  Chemistry  and  Soils 
and  by  soil  scientists  throughout  the  world. 

At  this  point  it  may  be  well  to  differentiate  between  a soil  and  a 
soil  material.  The  soil,  as  defined  by  Joffe,  is  a natural  body,  differentiated 
into  horizons  of  mineral  and  organic  constituents,  usually  unconsolidated 
and  of  variable  depth.  This  body  differs  from  the  parent  material  below 
in  morphology,  biological  characteristics,  physical  properties  and  constitu- 
tion, chemical  properties  and  composition.  Soil  materials,  on  the  other 
hand,  are  the  raw  materials  on  which  soil  forming  forces  operate  to 
develop  a soil. 

Methods  for  classifying  soils  may  be  either  limited  or  general  depend- 
ing upon  the  capacity  of  the  investigator  and  the  use  to  which  he 
expects  to  put  the  results  of  his  investigations.  He  may  classify  (1)  for 
the  purpose  of  studying  the  influence  of  soils  on  some  other  subject, 
the  soil  itself  being  only  of  secondary  importance  in  the  study.  He 
may  classify  (2)  for  the  purpose  of  systematically  cataloging  all  soil 
characteristics  and  thus  shed  light  on  the  soil’s  influence  on  practical 
problems  in  any  field  where  it  may  be  a factor. 

Pedalogists  are  interested  in  all  soil  characteristics  and  they  operate 
on  the  premise  that  the  results  of  their  investigations  will  be  of  more 
practical  use  if  they  employ  a system  of  classification  which  is  based 
on  characteristics  of  the  soil  rather  than  on  the  soil’s  influence  on  some 
other  subject. 

The  study  of  soils  is  an  ancient  study  and  numerous  methods  of 
classifying  have  therefore  been  used.  The  following  outline  of  classifica- 
tion methods  is  developed  from  material  contained  in  publications  by 
authorities  like  Wolf  anger,  Joffe,  Kellogg,  Hogentogler,  and  Housel. 

I.  Classification  of  soil  materials. 

A general  study  of  the  characteristics  of  soil  materials  without 
reference  to  the  solum. 

1.  Texture 

2.  Surface  area 

3.  Plasticity  index 

4.  Shrinkage  characteristics 

5.  pH  values 

6.  Concentration  of  soluble  salts 

7.  Silica — sesquioxide  ratio 
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II.  Classification  based  on,  or  influenced  by,  the  character  of  the  solum. 

1.  Utilitarian— A study  of  the  soil’s  usefulness  for  various 
purposes. 

a.  Production  of  timber 

b.  Production  of  farm  crops 

2.  Genetic — A study  of  factors  instrumental  in  producing 
the  soil. 

a.  Botanic 

b.  Biological 

c.  Climatic 

d.  Geological 

e.  Geographic 

f.  Topographic 

g.  Lime  (age) 

3.  Attributive — A study  of  the  soil  profile  considering  charac- 
teristics which  have  resulted  from  the  influence  of  various 
genetic  factors.  “The  soil  itself,  as  a product  of  soil- 
building forces,  is  the  object  of  classification” — Kellogg. 

a.  Zonal  groups 

b.  Series 

c.  Types 

d.  Phases 

III.  Classification  based  on  selected  physical  properties. 

1.  Bearing  value 

2.  Stability — cohesion  and  internal  friction 

3.  Shear  value 

4.  Percolation  rates 

The  scheme  of  classification  now  accepted  and  used  in  the  science  of 
pedology  is  attributive  in  character.  The  unit  of  study  is  the  soil  pro- 
file— a careful  analysis  of  which,  together  with  an  observation  of  condition 
under  which  it  exists,  will  yield  information  relative  to  factors  used  as 
a basis  for  all  other  systems  of  classification.  This  statement  becomes 
especially  true  if  laboratory  test  results  are  associated  with  the  soil 
types  from  which  the  samples  were  collected. 

Classification  on  the  basis  of  soil  textures  alone  without  reference  to 
other  means  of  identification  have  limited  usefulness.  Other  characteristics 
and  conditions,  as  for  instance  drainage  and  uniformity,  are  ignored  even 
though  they  may  be  as  important  as  texture. 
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As  previously  mentioned  the  main  purpose  of  classification  is  to 
provide  soil  information  without  necessitating  continuous  sampling  and 
testing.  The  important  need  for  classification  no  longer  exists  in  so  far 
as  a particular  problem  is  concerned  if  its  solution  is  provided  by  labora- 
tory test  results.  For  this  reason  the  usefulness  of  the  eight  groups  (A1 
to  A8)  as  developed  by  the  Bureau  of  Public  Roads  is  definitely  limited. 
This  grouping  emphasizes  the  laboratory  approach  to  the  field  of  soil 
engineering  and  the  credit  for  the  fine  development  of  this  approach 
belongs  principally  to  Mr.  Hogentogler  and  his  co-workers. 

It  does  seem  necessary,  however,  to  point  out  the  need  for  a more 
comprehensive  method  of  classifying  soil  in  the  field  approach  to  soil 
engineering  problems.  The  previously  mentioned  eight  groups  do  not 
lend  themselves  to  the  recording  of  detailed  field  information  without  a 
large  amount  of  field  work  and  voluminous  special  notes. 

Mr.  Hogentogler  has  suggested  verbally  to  the  writer  that  the  indi- 
vidual State  Highway  Departments  use  the  A1  to  A8  grouping  in  a 
general  way  and  at  the  same  time  develop  a more  detailed  system  to  fit 
its  more  extensive  needs.  For  this  purpose  the  Pedological  scheme  of 
soil  classification  offers  excellent  possibilities.  This  system  is  used  and 
understood  by  pedologists  in  all  countries  and  is  simple  enough  so  that 
an  experienced  highway  engineer  can  become  quite  proficient  at  mapping 
in  less  than  3 months  time.  In  addition  there  is  a tremendous  amount 
of  soil  survey  information  available  for  use, by  the  highway  engineer  as 
soon  as  he  is  sufficiently  familiar  with  the  mapping  legend  to  use  it. 
The  amount  and  distribution  of  this  information  is  illustrated  in  Fig.  1 
(obtained  from  the  Bureau  of  Chemistry  and  Soils). 

There  are  3 arguments  used  by  engineers  in  discrediting  the  pedo- 
logical approach  to  soil  classification  for  highway  purposes.  (1).  The 
system  is  too  complicated  (2)  the  soils  of  some  states  have  been  insuf- 
ficiently identified  (3)  the  classification  is  for  Agricultural  application 
only. 

With  respect  to  the  first  criticism,  Michigan  has  had  no  difficulty 
in  training  experienced  highway  engineers  in  the  art  of  soil  mapping.  In 
fact  the  enthusiasm  with  which  they  have  grasped  the  new  tools  of  foun- 
dation studies  has  been  responsible  for  the  rapid  development  of  the 
technique.  The  second  criticism  mentioned  can  be  solved  b}^  working 
out  a cooperative  arrangement  between  the  Highway  Department,  the 
U.  S.  Bureau  of  Chemistry  and  Soils,  and  the  Soils  Department  of  the 
local  University  or  College  whereby  an  adequate  legend  can  be  prepared 
within  a relatively  short  time.  The  third  objection  is  due  to  a mis- 
understanding. It  is  true  that  the  agriculturist  has  made  more  general 
use  of  the  soil  survey  than  any  other  profession.  The  pedologist’s  interest 
is  in  the  entire  field  of  soils,  however,  and  he  tries  to  present  his 

information  so  that  it  can  be  of  service  in  any  field  where  soils  may 
be  an  influencing  factor.  The  engineer  need  not  feel,  therefore,  that 

his  professional  standing  is  jeopardized  by  adopting  a pedological  scheme 

of  soil  classification. 

It  is  obvious  that  in  any  study  of  soils  the  serviceability  of  the 

study  as  well  as  operating  efficiently  must  be  influenced  by  the  type 
of  classification  tools  used.  It  is  important  therefore,  in  investigating 
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soils  for  highway  purposes  that  a system  of  classification  should  be  . 
sufficiently  broad  to  permit  its  utilization  throughout  the  field  of  high- 
way research,  design,  construction  and  maintenance. 

It  is  important  in  a continuous  highway  soil  program  to  use  methods  j 
of  soil  mapping  which  permit  the  automatic  recording  of  a large  amount  j 
of  detailed  information  without  requiring  time  consuming  laboratory  work. 
Laboratory  tests  are  necessary  for  supplying  special  information  on  some 
specific  problem,  but  the  bulk  of  all  necessary  design  data  should  be 
supplied  by  the  soil  survey  as  inventory  presented  by  the  field  worker. 

The  Michigan  State  Highway  Department  has  found  that  the  ped- 
ological  scheme  of  soil  classification  provides  an  excellent  means  of 
studying  soils  for  general  highway  purposes  and  that  it  serves  as  a 
foundation  for  all  other  soil  studies  in  the  Department.  The  soil  type, 
in  addition  to  serving  as  a unit  in  mapping,  also  serves  as  a unit  to 
which  laboratory  test  results,  road  behavior  observations,  construction 
problems  and  maintenance  experiences  are  related.  In  other  words,  the 
soil  type  serves  as  a means  for  classifying  and  coordinating  the  accumu- 
lated soil  experience  of  the  entire  highway  department  personnel. 

Until  quite  recently  the  common  impression  has  been  that  “the 
highway  engineer  is  interested  only  in  those  soil  properties  upon  which 
the  serviceability  of  the  pavement  depends.”  (7)*  It  is  nowT  quite  gen- 
erally agreed  that  the  highway  engineer  is  interested  in  the  entire 
highway  right  of  way.  This  wider  interest  requires  consideration  of 
such  subjects  as  landscaping,  erosion  control,  shoulder  stabilization,  and 
to  some  extent,  land  use.  The  intelligent  and  efficient  handling  of  these 
subjects,  especially  by  the  design  division,  requires  a method  for  classi- 
fying the  soil  which  reflects  a large  amount  of  detailed  information  about 
each  individual  soil. 

In  connection  with  this  wider  usefulness  to  which  a soil  survey 
can  be  put  it  may  be  of  interest  to  discuss  briefly  the  technique  used 
in  Michigan. 

Pedological  soil  surveys  in  this  State  were  started  for  research  pur- 
poses in  1925  and  the  first  survey  was  made  for  design  purposes  in 
1927  by  Dr.  C.  E.  Kellogg,  now  Principal  Soil  Scientist,  Bureau  of 
Chemistry  and  Soils. 

Mapping  for  design  purposes  did  not  become  a routine  matter,  how- 
ever, until  after  1929.  Since  then  the  technique  of  making  soil  surveys 
and  using  soil  information  has  developed  rapidly. 

At  first  only  the  more  important  projects  on  the  primary  system 
were  studied.  Costs  were  therefore,  not  a dominating  consideration.  Since 
soil  studies  have  broadened,  however,  to  include  all  highway  projects 
on  both  primary  and  secondary  systems  it  has  become  important  that  a 
small  personnel  function  quickly  and  economically. 

For  purposes  of  soil  mapping  the  great  soil  groups  are  divided  into 
soil  series,  which  have  similar  profiles,  drainage,  topography,  and  parent 
material.  These  series  are  usually  given  geographic  names  taken  from 

♦Refers  to  publication  listed  under  references. 
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the  locality  where  they  were  first  recognized.  Typical  Michigan  series 
names  are : Miami,  Onaway,  Ontonagon,  Hillsdale,  etc.  Each  of  these 
series  may  vary  in  texture  of  surface  material,  and  these  textural  classes 
are  designated  as  loamy,  sand,  sandy  loams,  silt,  clays,  etc.  The  series 
name  together  with  the  class  designation,  gives  us  the  soil  type,  which 
is  the  unit  of  soil  classification.  This  is  also  the  unit  as  previously  men- 
tioned to  which  all  other  soil  information  is  related.  Pedologists  have 
found  that  the  soil  type  may  be  used  as  a basis  for  the  classification 
of  physical  and  chemical  data.  When  used  in  this  manner  it  provides  a 
very  useful  tool  in  the  study  of  soils  for  highway  purposes.  This  system 
of  classification  is  recognized  internationally,  and  the  important  litera- 
ture in  soil  science  is  therefore  based  on  it.  The  Michigan  State  Highway 
Department,  in  adopting  this  method  of  studying  soils,  was  immediately 
able  to  take  advantage  of  the  soil  survey  information  available  in  the 
form  of  published  county  soil  survey  reports.  In  addition  it  was  also 
possible  to  profit  by  contact  with  the  personnel  of  the  Soils  Department 
of  Michigan  State  College. 

During  the  history  of  an  individual  project  soil  knowledge  is  first 
used  in  connection  with  its  planning.  This  involves  the  soil’s  influence 
on  the  highway  location  and  on  the  type  of  road  to  be  built.  If 
county  soil  maps  are  available  in  the  area,  much  can  be  learned  through 
their  study  as  to  problems  to  be  encountered  on  various  alternate  loca- 
tions. In  connection  with  secondary  highway  programs  particularly,  land 
use  information  will  be  of  special  importance  in  determining  the  advisa- 
bility by  road  building  activities  of  encouraging  or  discouraging  agri- 
cultural utilization  of  a given  area. 

It  is  in  the  design  of  the  highway  that  a comprehensive  soil  survey 
can  be  of  real  service  to  the  highway  engineer.  In  order  to  assist  the 
design  engineer  in  the  use  of  soil  survey  information  a subgrade  de- 
sign chart  (Fig  2)  has  been  prepared  in  which  a few  of  the  important 
design  questions  are  answered  in  tabulated  form  for  the  various  soils. 
This  chart  is  sufficiently  simple  to  make  explanation  unnecessary.  It 
may  be  of  interest,  however,  to  note  the  variation  in  the  recommendations 
for  the  Blue  Lake  sand  and  the  Eastport  sand — two  soils  of  the  same 
texture.  This  chart  has  increased  the  usefulness  of  the  soil  surveys 
tremendously  in  so  far  as  the  average  designer  is  concerned  and  there 
is  no  reason  why  similar  charts  cannot  also  be  worked  up  for  other 
highway  functions.  It  is  in  connection  with  design,  however,  that  an 
intimate  knowledge  of  soil  conditions  can  be  of  greatest  service.  To 
further  illustrate  the  use  to  which  a soil  survey  is  put  by  the  Michigan 
State  Highway  Department,  an  attempt  has  been  made  in  Fig.  3 to  pre- 
sent graphically  the  mental  picture  of  foundation  conditions  created  by 
the  soil  classification  survey  shown  at  the  top  of  the  sheet. 

After  the  plans  are  finished  and  the  construction  operations  started 
purely  soil  activities  become  relatively  simple.  It  then  becomes  neces- 
sary for  the  soil  engineer  to  study  the  soil  materials  in  the  grade  in 
order  that  frost  heaving  textures  are  identified  and  removed,  and  that 
a uniformly  textured  subgrade  is  prepared  for  the  metal.  Drainage  con- 
ditions of  the  subgrade  must  be  studied  to  determine  the  need  for,  as 
well  as  the  type  and  location  of  special  drainage  structures.  The  soil 
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materials  to  be  used  for  various  purposes  are  checked  to  make  sure 
that  they  are  suitable  for  the  use  intended. 

In  all  his  activities  the  foundation  on  which  the  soil  engineer  stands 
is  the  soil  survey.  The  classification  of  the  soil,  which  it  involves,  is 
the  first  step  in  becoming  acquainted  with  the  various  soil  engineering 
problems  to  be  encountered  on  a new  project.  An  acquaintanceship  with 
each  soil  personality  is  the  principal  means  wdiereby  the  soil  engineer 
can  profit  by  past  experience  in  dealing  with  soil  problems  presented 
by  new  projects. 
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Fundamentals  of  Bituminous  Construction 
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Report  Presented  by 

J.  W.  POWERS,  Materials  Engineer 
Arizona  State  Highway  Commission 
Phoenix,  Arizona 

The  question  has  been  asked:  What  new  purpose  is  served  by  the 
Montana  National  Bituminous  Conference  which  has  not  been,  or  can- 
not be  served  by  existing  organizations  such  as  the  Asphalt  Institute 
and  the  A.  A.  S.  H.  0.? 

While  much  of  the  same  ground  might  be  and  often  is  covered  in 
meetings  and  in  published  papers  by  other  organizations,  nevertheless 
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it  is  true  that  no  other  conference  has  thus  far  covered  as  thoroughly  j 
those  bituminous  problems  that  are  peculiarly  western. 

The  scope  of  the  work  of  this  committee  is  contained  in  the  defini-  j 
tion  of  its  duties.  Mr.  A.  H.  Benedict,*  Chairman  of  the  Fundamentals  | 
Section  in  1937,  states  that  the  Fundamentals  Section  should  be  con-  i 
fined  to  “statements  of.  proyed  principles  and  their  application  to 
bituminous  design”;  also,  “The  subject  of  fundamentals  is  not  bounded! 
by  any  sharp  line  of  definition,  but  rather  is  the  filler  in  the  sandwich  1 
between  research  and  construction.” 


It  is  specifically  implied  in  the  above  definition  that  there  must  be 
contact  or  liaison  between  those  responsible  for  research  and  those  re-  e 
sponsible  for  construction  and  maintenance  of  highways.  There  is  a 
tendency  for  most  national  organizations  to  be  limited  or  handicapped 
in  their  effectiveness  because  of  the  necessity  for  representing  widely  dif-  ; 
ferent  viewpoints  and  local  conditions.  Many  such  meetings  have  been  I 
confined  to  technologists  or  administrators  and  the  atmosphere  is  often 
rather  rarefied  for  the  men  who  must  actually  supervise  construction  i 
or  maintenance  work. 


While  all  information  is  valuable,  and  much  light  on  local  problems 
may  be  obtained  from  experience  in  far  distant  regions,  in  the  final 
analysis  the  building  of  a specific  highway  is  largely  a local  and  per- 
sonal problem  of  some  few  individual  engineers. 

A great  deal  of  valuable  work  has  been  done  and  is  still  being  done 
Hy  technologists  and  researchers  in  numerous  laboratories  throughout  the 
country,  but  it  must  be  realized  that  their  efforts  bear  no  fruit  until 
they  are  actually  applied  on  the  job  by  some  construction  or  maintenance 
engineer.  And  conversely,  the  laboratory  man’s  efforts  may  be  misspent 
and  the  findings  of  the  researcher  unimportant  unless  he  is  in  close 
touch  with  the  problems  of  the  field  engineer.  It  is  in  this  bringing 
together  of  the  research,  design,  construction  and  maintenance  engineers 
that  the  Montana  Bituminous  Conference  has  been  most  outstanding. 


Whether  or  not  this  conference  continues  to  be  the  best  medium 
to  carry  on  this  work,  we  owe  a considerable  debt  of  gratitude  to  Mr.  j 
McKinnon  and  his  associates  for  taking  the  initiative  and  sponsoring  the 
conferences,  as  there  is  a real  need  for  a strong  organization  to  ex-  j 
change  experiences  and  compile  data  on  bituminous  road  surfacings  in  i 
the  West. 


There  is  no  thought  to  belittle  or  disparage  the  value  of  information  < 
and  procedures  originating  in  any  area,  and  the  valuable  work  done  by 
national  conferences  is  too  well  recognized  to  require  defense.  Never- 
theless, more  intensive  study  of  local  problems  is  usually  carried  on  by 
regional  than  by  national  groups,  which  must  cover  a widely  divergent 
field.  In  other  words,  it  appears  necessary  that  we  have  both  regional 
and  national  conferences.  Each  type  of  organization  can  serve  an  important  j 
need.  Two  or  even  three  conferences  would  probably  be  justified  in  ) 
appropriate  divisions  of  the  United  States  and  Canada. 

As  an  example  of  the  mutual  stimulation  and  interchange  of  ideas 
which  can  arise  in  a conference  attended  by  both  “theoretical”  and  ! 


*Technologist,  The  Asphalt  Institute,  San  Francisco,  California 
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“practical”  men,  out  of  the  discussions  at  the  1937  conference  at  Gla- 
cier National  Park  came  the  cue  for  one  important  theme  discussed  this 
year,  namely,  the  increased  trend  in  recent  years  toward  brittleness  and 
excessive  cracking  of  asphaltic  concrete  pavements.  Mr.  Emil  Skarin, 
of  Edmonton,  Canada,  comparing,  to  their  disadvantage,  the  pavements 
built  in  recent  years  with  those  constructed  twenty  or  twenty-five  years 
ago,  stated  at  the  1937  conference  that  he  was  “often  ashamed  of  the 
recent  work,”  and  asked  the  assembled  technical  men  why  the  modern 
pavements  so  often  showed  distress  from,  cracking  and  apparent  undue 
brittleness  of  the  asphalt.  As  part  of  the  answer  to  Mr.  Skarin ’s  ques- 
tion, we  have  this  year  an  outstanding  paper  by  Mr.  C.  L.  McKesson, 
Director  of  Engineering  and  Research  for  the  American  Bitumuls  Com- 
pany, entitled  “Durability  of  Asphaltic  Binders.” 

The  lack  of  durability  of  many  asphaltic  pavements  is  beyond  ques- 
tion a most  serious  problem,  and  is  being  attacked  vigorously  by  many 
state  laboratories.  Among  these  might  be  mentioned  particularly  the  states 
of  Michigan,  Minnesota,  Kansas,  and  Arizona  which  have  contributed 
much  valuable  data. 

The  Materials  and  Research  Department  of  the  California  Division 
of  Highways  has  likewise  been  engaged  in  an  intensive  study  of  the 
subject  during  the  last  two  or  three  years.  In  this  study  it  has  had 
the  very  active  assistance  of  the  technical  staffs  of  the  asphalt  pro- 
ducers in  the  state.  The  results  of  these  studies,  which  are  still  under 
way,  will  be  presented  at  some  future  conference  as  a further  contribu- 
tion on  this  subject. 

Another  hardy  perennial  among  problems  which  plague  the  bitumi- 
nous engineer  is  the  much  discussed  hydrophilic  aggregate,  with  the  early 
deterioration  and  heavy  maintenance  costs  which  result  when  it  is  used 
in  bituminous  pavements.  We  now  have  the  spotlight  thrown  on  another 
contributing  factor,  namely  the  oil  or  asphalt  which  has  poor  adhesion 
to  aggregates  and  may  be  largely  responsible  for  failures  due  to  water 
action.  While  these  offending  oils  or  asphalts  are  not  yet  branded  with 
some  distinguishing  term  such  as  hydrophilic  or  hydrophobic,  neverthe- 
less the  existence  of  variables  among  the  asphaltic  binders  is  demon- 
strated in  a paper  entitled  “Role  of  the  Swell  Test  in  the  Selection  of 
Materials  and  Design  of  Dense  Graded  Bituminous  Mixtures”  by  J.  W. 
Powers,  Engineer  of  Materials,  and  W.  G.  O’Harra,  Chemist,  for  the 
Arizona  State  Highway  Department. 

FUNDAMENTALS  OF  BITUMINOUS  CONSTRUCTION 

In  addition  to  the  definition  by  Mr.  Benedict,  quoted  previously,  Mr. 
D.  L.  Cheney,  of  the  Montana  Highway  Department  defines  the  work  of 
the  section  as  being  intended  to  cover  the  design  of  sub-bases  and  bases, 
and  factors  influencing  the  selection  of  aggregates  and  asphaltic  ma- 
terial, whereas  it  is  intended  that  the  work  of  the  Construction  Section 
is  to  be  devoted  to  actual  construction.  As  it  appears  to  be  an  almost 
unanimous  opinion  that  the  Fundamentals  discussion  should  cover  the 
entire  field  of  subgrade,  base,  and  surface,  our  presentation,  therefore, 
will  be  confined  as  far  as  possible  to  “statements  of  proved  principles 
and  their  application  to  bituminous  design”  insofar  as  they  appear  to 
relate  to  the  subgrade,  base,  and  surface  of  highways. 


—217— 


SUBGRADES  AND  FOUNDATIONS 


There  appears  to  have  been  little  change  in  thought  during  the  past 
year  as  to  the  general  principles  of  soil  analysis  and  subgrade  con- 
struction. The  practice  is  becoming  more  universal  to  compact  soils  at 

optimum  moisture  content  and  to  compare  the  compaction  actually  ob- 
tained with  some  standard  method.  This  comparison  requires  that  field 
men  have  training  in  methods  of  test.  Mr.  J.  0.  Martineau,  of  Quebec, 
makes  the  following  statement:  “Any  efforts  by  road  building  organiza- 
tions to  improve  subgrade  stability  should  first  be  directed  towards  the 

training  of  specialists  for  both  field  and  laboratory  work,  so  that  in- 

vestigation of  soil  conditions  may  be  made  adequately  and  proper  reme- 
dies applied  where  needed.”  Mr.  Swanberg  states,  “Minnesota  has  had 
such  an  organization  for  several  years,  and  considers  it  indispensable 
for  the  obtaining  of  adequate  and  economical  design.” 

The  interdependence  of  sub-base,  base  and  surface  in  the  design  of 

bituminous  pavements  is  ably  discussed  in  a paper  by  Professor  W.  J. 
Emmons.  Professor  Emmons  prefaces  his  remarks  with  the  statement 
that  all  traffic  loads  are  carried  by  the  subgrade.  The  apparently  mar- 
velous performance  of  certain  roads  of  light  and  cheap  construction  is 
still  in  accordance  with  the  principles  of  mechanics.  A state  of  equilibrium 
exists  in  any  road  resisting  the  effects  of  traffic,  and  the  function  of 
the  various  factors  is  susceptible  to  analysis.  Published  articles  by  Haw- 
thorn and  Housel  along  this  line  have  attracted  a great  deal  of  atten- 
tion. HousePs  analysis  apparently  has  been  substantiated  by  field  tests 
by  the  Michigan  State  Plighway  Department. 

Mr.  Martineau’s  discussion  seems  to  indicate  that  stabilization  and 
treatment  of  roadbed  and  subgrades  is  one  phase  of  highway  engineer- 
ing which  more  than  any  other  is  not  so  much  in  need  of  further  investi- 
gation or  research  as  in  the  application  of  knowledge  already  at  hand; 
in  other  words,  the  general  principles  governing  the  construction  of  good 
foundations  and  subgrades  are  well  understood.  What  is  required  is  that 
this  knowledge  be  actually  applied  in  the  field  by  the  engineers  who  are 
responsible  for  the  design  and  construction  of  highways. 

The  consolidation  of  soils  at  optimum  moisture  was  pioneered  in 
California  approximately  ten  years  ago,  and  has  been  standard  pro- 
cedure since  1929.  Some  states  have  been  inclined  to  classify  soils  on 
the  basis  of  liquid  limit,  pasticity  index,  and  shrinkage  determinations, 
but  in  view  of  the  fact  that  these  determinations  are  made  on  the  material 
finer  than  40-mesh,  and  the  soil  actually  used  in  construction  may  con- 
tain a relatively  small  percentage  of  such  fine  particles,  California  prefers 
to  make  determinations  on  the  material  as  it  will  be  used,  except  that 
particles  coarser  than  1"  are  screened  out  before  testing  in  order  that 
results  may  be  less  erratic.  Regardless  of  test  methods,  however,  the 
intent  is  the  same;  namely,  the  rejection,  if  practicable,  of  the  least 
suitable  material,  and  the  efficient  consolidation  at  optimum  moisture  of 
the  material  finally  selected  for  subgrade  or  base  course. 

Professor  Emmons  stresses  a point  which  certainly  must  be  recognized 
by  the  highway  engineer,  that  is  that  the  soil  survey  is  destined  to  be- 
come as  much  a matter  of  routine  as  the  line  survey.  With  more  precise 
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methods  of  design,  surfacing  thicknesses  may  be  varied  with  the  subgrade 
supporting  power.  In  any  event,  the  application  of  reasonable  safety  factors 
should  result  in  definite  reduction  in  maintenance  costs. 

Soil  profile  plans  are  being  used  more  widely,  and  are  an  essential 
requirement  for  intelligent  selection  and  disposal  of  materials.  Swanberg 
states,  “ Minnesota  goes  in  for  extensive  soil  selection  to  place  the  most 
suitable  material  in  the  upper  portion  of  the  road,  and  to  excavate  to 
a depth  of  2 feet  or  more  known  objectionable  frose  heave  soils.”  Rejec- 
tion of  adverse  soils  and  the  substitution  of  better  material  can,  of  course, 
be  practiced  only  if  better  material  is  available.  When  it  is  impracticable 
to  replace  adverse  soils  in  the  upper  layer  of  the  roadway,  the  prac- 
tice of  stabilizing  such  soils  with  some  agent  such  as  emulsified  asphalt, 
Portland  cement,  chemicals,  or  other  means,  is  becoming  increasingly 
popular,  as  the  principles  and  methods  of  application  are  better  under- 
stood. 


The  possibility  of  using  some  admixture  for  stabilizing  local  adverse 
soil  has  attracted  the  attention  of  many  technicians,  and  a great  deal  ol 
knowledge  has  been  accumulated  concerning  the  factors  which  govern 
the  adhesion  of  asphalt  films  to  mineral  aggregates,  as  well  as  the  effect 
of  base  exchange  capacity  of  soils,  and  similar  relationships.  Much  re- 
mains to  be  done  in  this  field  to  devise  methods  which  are  at  once  ef- 
fective, economical,  and  feasible  under  construction  conditions.  We  all  know 
of  excellent  results  secured  with  mixtures  of  even  the  lightest  grades 
of  SC  oils  with  aggregates  which  have  greater  affinity  for  organic  liquids 
than  for  water,  and  there  are  instances  where  exceptionally  durable  pave- 
ments and  surfaces  built  with  SC-4  oil  have  withstood  heavy  traffic  for 
a number  of  years.  However,  when  the  local  soils  possess  adverse  charac 
teristics  which  render  them  unsuitable  for  oil  treatment,  then  the  need 
for  alternate  types  of  construction  is  very  definite. 

SELECTION  OF  BITUMINOUS  MATERIALS 


A great  deal  has  been  written  in  discussion  of  the  proper  grades  of 
bituminous  materials  to  suit  variable  subgrade  and  traffic  conditions,  and 
there  are  available  many  publications  by  The  Asphalt  Institute  and  others 
giving  in  considerable  detail  the  purposes  for  which  the  various  products 
have  been  found  suitable.  This  subject  was  also  covered  by  Mr.  Buchanan 
in  his  review  for  the  Fundamentals  Section  last  year.  It  is  not  believed 
necessary  to  cover  this  ground  again. 


It  may  be  of  interest,  however,  to  note  some  of  the  trends  w hicli 
have  become  apparent  within  the  last  year  or  so.  Foremost  is  the  trend 
toward  softer  paving  asphalts,  and  so  far  as  all  evidence  indicates,  there 
is  nothing  to  discourage  this  move.  On  the  contrary,  the  mounting  evi- 
dence of  widespread  distress  in  asphaltic  pavements  due  to  brittleness, 

makes  it  imperative  that  every  possible  step  should  be  taken  to  re- 
duce this  type  of  failure.  In  his  discussion  on  ‘‘Durability  of  Asphaltic 

Binders”  Mr.  McKesson  makes  several  significant  statements,  among  others, 
“Soft  asphalts  have  longer  useful  life  than  hard  asphalts  and  may  be 
used  without  sacrificing  stability.”  McKesson  also  states.  One  til  it  \ is 
the  most  important  physical  property  of  asphalt  or  asphaltic  residuum 

recovered  from  pavements.”  The  data  submitted  and  points  (o\(i<d  b\ 
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him  seem  to  leave  little  justification  for  any  opposition  to  the  use  of 
soft  asphalts.  It  appears  that  there  may  be,  however,  some  question 
whether  ductility  as  now  measured  is  the  most  significant  property  of 
asphalt. 

Mr.  Powers  agrees  that  ductility  tests  as  made  at  present  are  not 
satisfactory.  At  this  point  it  may  be  appropriate  to  attempt  a diagnosis 
of  the  actual  significance  of  the  ductility  measurement.  Mr.  A.  R.  Ebberts 
has  offered  the  suggestion  that  ductility  is  a measure  of  the  thorough- 
ness or  degree  of  dispersion  of  the  colloidal  system  composing  the  as- 
phalt. It  is  well  known  that  by  means  of  slight  cracking  the  ductility 
of  an  asphalt  may  be  increased  measurably,  but  is  does  not  necessarily 
follow  that  this  treatment  improves  the  quality  of  an  asphalt. 

McKesson  has  furnished  a great  deal  of  data  in  tabular  form  showing! 
the  effect  of  various  influences  on  the  consistency  of  asphalt.  Swanbergj 
offers  some  contradictory  evidence  and  states  that  he  is  inclined  to  doubt 
“the  softening  of  an  asphalt  by  means  of  volatile,  as  in  a cutback,  will 
ultimately  result  in  an  asphalt  of  less  ductility.”  It  may  be  stated  here 
that  the  observations  of  cutback  roads  in  California  appear  to  indicate! 
that  with  the  standard  MC  grades,  at  least,  there  is  an  undue  tendency) 
toward  hardening  and  brittleness.  For  this  reason,  California  is  using 
medium  curing  cutback  made  with  SC-6  road  oil  as  a base.  (This  is  the 
approximate  equivalent  of  300  penetration  asphalt).  Results  so  far  appear) 
to  be  definitely  more  satisfactory. 

Powers  offers  some  additional  very  interesting  data  to  substantiate! 
his  contention  that  hardening  of  asphalt  is  chiefly  a surface  phenomenon,! 

He  states  in  commenting  on  McKesson’s  paper: 

“As  these  experiments  indicate  that  the  hardening  of  as- 
phalt is  more  probably  a surface  reaction,  the  depth  of  wdiich  is 
unknown,  and  is  not  appreciably  reversible,  is  it  not  possible  that 
in  thin  films  of  asphalt,  such  as  exist  in  asphaltic  mixes,  the  oxida- 
tion has  proceeded  completely  through  the  film  and  produced  a 
permanent  change  which  is  not  reversible?  If  such  as  the  case 
re-heating  of  asphalt  mixes  before  testing  should  not  appreciably 
affect  results. 

‘‘This  discussion  leads  to  a problem  which  warrants  more 
thorough  investigation,  the  problem  being — to  what  extent  are 
the  properties  of  asphalts  existing  in  thin  films  in  asphaltic 
mixes  affected  by  recovery  by  extraction  methods  or  by  re- 
heating?” 

In  any  event,  it  appears  that  most  investigators  are  in  general  agree' 
ment  that  the  essential  test  data  may  be  summed  up  as  follows.  Re- 
quired: Accurate  measures  of  (1)  consistency,  (2)  durability,  and  (3): 
adhesion. 

(1)  Better  tests  for  consistency  are  needed.  This  property  is  new 
measured  by  three  rather  unsatisfactory7-  methods ; namely,  penetration 
float  viscosity,  and  the  Viscosimeter.  It  would  be  much  more  satisfactory: 
if  viscosity  were  expressed  in  asbolute  units  and  all  products,  whetheij 
very  fluid  or  comparatively  hard,  expressed  in  the  same  scale. 


—220— 


(2)  It  is  necessary  to  know  whether  or  not  an  asphalt  will  remain 
in  its  original  condition  or  to  what  degree  and  how  rapidly  it  will 
harden  under  weather  and  traffic. 

f3)  Adhesive  qualities  of  asphalt  as  determined  by  its  ability  to 
resist  displacement  by  water  from  mineral  aggregate  should  be  measured. 
There  are  no  tests  in  general  use  at  present  which  are  entirely  satisfactory 
for  this  purpose. 

In  effect,  all  we  need  to  know  is  whether  a bituminous  material  is  of 
the  proper  consistency  to  meet  construction  requirements,  whether  it  will 
remain  soft  enough  during  the  life  of  the  pavement  to  prevent  cracking 
and  undesirable  abrasion,  and  whether  it  will  adhere  to  the  mineral  ag- 
gregate in  the  presence  of  moisture.  The  adoption  of  better  consistency 
tests  will  undoubtedly  be  delayed,  but  it  is  not  unlikely  that  either 
through  oxidation  tests  on  the  asphalt  or  by  accelerated  weathering  tests 
on  standard  mixtures  of  asphalt  and  aggregate,  it  will  soon  be  possible 
to  rule  out  in  advance  all  asphaltic  products  which  lack  durability  in 
service. 

Tests  to  determine  the  hydrophilic  or  organophilic  properties  of  ag- 
gregates have  been  in  use  for  several  years,  and  have  been  the  subject 
of  much  discussion  and  intensive  study  of  late.  As  a member  of  the  group 
on  Fundamentals,  Mr.  J.  W.  Powers  has  submitted  new  data  on  the 
Swell  Test,  showing  the  effect  of  road  oils  from  various  sources.  Mr. 
Powers  concludes,  “If  the  Swell  Test  is  to  be  used  as  a basis  for  ac- 
ceptance of  mineral  aggregate,  the  characteristic  of  the  oil  used  in  such 
testing  will  have  to  be  specified,”  and  “The  results  . . . indicate  that 
vhe  service  behavior  of  questionable  mineral  aggregates  may  be  modified 
by  certain  oils.” 

Powers’  data  also  shows  the  consistently  superior  adhesion  developed 
by  cracked  materials  compared  to  the  uncracked  asphalts.  This  fact  has 
been  demonstrated  a number  of  times  and  indicates  that  the  asphaltenes 
are  undoubtedly  most  effective  in  promoting  adhesion.  The  belief  held 
by  some  engineers  that  asphaltenes  are  inert  is  not  substantiated  by  data 
available  to  the  writer. 

Mr.  Powers  deserves  to  be  complimented  not  only  on  the  excellent 
paper,  but  also  in  view  of  the  fact  that  the  Swell  Test  was  first  de- 
veloped and  reported  by  him  in  1930,  it  indicates  an  admirable  scientific 
attitude  that  he  should  be  the  first  to  point  out  the  shortcomings  of 
bis  own  brainchild. 

The  variation  shown  by  Powers  is  not  entirely  unexpected,  however. 
Several  years  ago  a brief  investigation  along  similar  lines  was  made  in 
the  California  Laboratory  using  a very  high  swTell  aggregate  sampled  from 
the  road  along  the  northeast  -shore  of  the  Salton  sea  in  the  Imperial  \ alley. 
The  Swell  Test  was  measured  using  various  California  oils  with  a re- 
sulting range  of  swell  from  .019"  to  .584".  The  oils  showing  the  lowest 
swell  contained  a small  percentage  of  paraffin  wax,  and  those  shov  ing 
the  highest  swell  contained  sulphur.  While  it  has  not  been  proved  that 
these  two  ingredients  were  responsible  for  the  different  behavior  of  the 
oils  in  question,  the  possible  effect  of  paraffin  or  sulphur  should  not 
be  overlooked. 
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Mr.  Russell  reports  that  they  have  also  found  that  different  material; 
showed  a different  amount  of  swell  with  different  grades  of  oil. 

Powers’  suggestion  that  the  oil  used  in  testing  should  have  a Xylent 
equivalent  of  30%  or  less  in  the  modified  Oliensis  test  is  worth  serioid 
consideration,  and  the  suggestion  is  offered  herewith  that  at  least  through 
out  the  Western  States,  an  oil  of  standard  characteristics  should  be  adoptee 
for  use  in  the  Laboratory  for  swell  and  stripping  tests.  It  is  furthei 
suggested  that  the  grade  of  oil  might  preferably  be  SC-4,  which  gradt 
can  be  used  for  either  road  or  plant  mix  construction,  and  in  the  labora 
tory  in  both  the  swell  or  wash-off  and  stripping  tests. 

With  some  exceptions,  there  appears  to  be  a trend  toward  the  in' 
creased  use  of  slow  curing  oils  in  preference  to  the  cutback  asphalts,  al 
though  Swanberg  reports  that  Minnesota  used  the  MC  cutbacks  in  theiif 
open  graded  mixtures.  Russell  of  Wyoming  states  that  SC-3  and  SC-4  are, 
favored  because  of  their  low  cost  and  satisfactory  performance.  Rapid 
curing  cutbacks  RC-1  and  2 are  used  extensively  for  seals.  Russell  states! 
that  “in  light  of  Wyoming  experiences  ...  I am  . . . convinced  that; 
the  Minnesota  type  of  grading  could  be  successfully  used  with  residual, 
oils  of  SC-3  or  SC-4  grade.” 

In  the  Southeast  the  sand  asphalt  mixture  is  made  largely  with  naptha 
cutback  such  as  RC-1  and  2. 

SELECTION  OF  TYPE  OF  MIXTURES 

Dense  graded  mixtures  versus  open -graded  types. 

In  this  paper  describing  the  open-graded  type  of  bituminous  con*: 
struetion,  Swanberg  of  Minnesota  refers  to  nomenclature  suggested  by 

Mr.  J.  E.  Buchanan  at  the  last  Conference.  It  is  the  feeling  of  the  Chair-i 
man  that  this  nomenclature  should  be  repeated  herewith,  as  too  much 
support  cannot  be  given  to  any  move  toward  standardized  terminology. 
According  to  Mr.  Buchanan,  the  definitions  are  as  follows: 

Aggregates 

Coarse  Aggregate:  Aggregate  containing  particles  larger  than  % inch. 

Fine  Aggregate:  Aggregate  containing  particles  smaller  than  % 

inch. 

Macadam  Aggregate:  A coarse  aggregate  consisting  of  fragments  of 

substantially  one  size  or  a limited  range  of  sizes 
the  smallest  of  which  is  % inch. 

Graded  Aggregate:  Aggregate  containing  proportions  of  particles  of 

all  sizes  from  the  maximum  size  to  dust. 

Open-Graded  Aggregate:  A graded  aggregate  with  a limited  proportion 

of  particles  passing  the  No.  10  sieve  and  not 

more  than  5 per  cent  passing  No.  200  sieve. 

Dense-Graded  A graded  aggregate  with  a continuous  representa- 

Aggregate:  tion  of  all  particle  sizes  from  the  maximum  size 

to  dust,  and  containing  between  5 and  15  per 

cent  passing  No.  200  sieve. 
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Bituminous  Surfaces 


Surface  Treatment:  Any  bituminous  surface  which  has  a final  thick- 

ness less  than  one  ineh. 

Pavement:  Any  bituminous  surface  which  has  a final  thick- 

ness greater  than  one  inch. 

The  above  suggestions  for  a standard  terminology  appear  to  be  very 
suitable,  although  one  or  two  minor  modifications  might  be  an  improve- 
ment, The  first  two  definitions  would  be  better  as  follows: 

Coarse  Aggregate:  Aggregate  consisting  of  particles  larger  than  4- 

mesh. 

Fine  Aggregate:  Aggregate  consisting  of  particles  smaller  than  4- 

mesh. 

It  is  realized,  of  course,  that  many  aggregate  gradings  will  overlap 
two  or  more  of  the  above  definitions.  Nevertheless,  for  the  purposes  of 
simplification,  descriptions  similar  to  these  should  be  adopted  and  universal- 
ly agreed  upon. 

Minnesota  practice,  as  described  by  Swanberg,  furnishes  a satisfying 
example  of  a highway  engineering  department  utilizing  local  materials  in 
the  most  economical  and  in  the  simplest  manner.  Glacial  gravel  deposits 
in  Minnesota  are  numerous  and  are  distributed  throughout  the  State, 
and  as  the  existing  gravel  contains  little  dust,  the  gradation  closely  cor- 
responds to  that  described  above  as  open-graded  type.  For  this  construc- 
tion, cutback  asphalt  of  MC-2  or  3 grade  for  road  mix,  and  MC-4  or  5 
for  plant  mix,  has  been  considered  most,  suitable.  The  extent  to  which 
the  most  available  materials  are  utilized  without  expensive  processing 
is  excellent  evidence  of  the  extent  to  which  real  engineering  is  being 
applied  to  the  highway  problem.  Further  examples  of  this  adaptation  of 
methods  to  local  conditions  are  the  so-called  multiple  lift  (penetration 
macadam)  constructions  of  Oregon,  and  the  sand  asphalt  pavements  of 
the  southeastern  states. 

It  may  be  well  at  this  point  to  sound  some  warning  against  the 
dangers  of  standardization  if  carried  beyond  its  proper  scope.  For  greater 
economy  and  efficient  results,  the  selection  of  bituminous  binder  and  the 
type  of  construction  should  be  adapted  to  the  local  conditions  of  avail- 
able aggregates,  traffic,  and  climate.  In  states  which  have  a wide  range 
of  materials  and  conditions,  many  types  of  treatment  and  construction  may 
be  necessary  in  the  several  regions.  It  sometimes  happens  that  the  urge 
toward  standardization  directly  conflicts  with  the  greater  efficiency  of 
specialization. 

Mr.  Kussell,  of  Wyoming,  describes  Wyoming  experience,  which  has 
tended  to  the  use  of  the  dense  graded  type  of  mixture,  with  which  they 
are  finding  that  slow  curing  oils  such  as  SC-3  and  4 are  proving  to  be 
eminently  satisfactory  and  economical.  He  cites  evidence  to  show  that 
greater  width  of  oil  mats  and  increased  shoulder  width  have  materially 
reduced  maintenance  costs. 
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While  there  is  some  difference  of  opinion  on  the  relative  merits  of 
open  graded  and  dense  graded  mixtures,  the  fact  that  satisfactory  sur- 
faces have  been  built  with  both  seems  to  make  it  unnecessary  to  advocate 
the  use  of  either  type  without  regard  to  local  conditions.  Most  Eastern 
states  appear  to  use  open  graded  mixtures,  whereas  in  the  Southwest 
dense  graded  types  predominate,  probably  for  the  reason  that  local  ma- 
terials in  desert  areas  usually  contain  considerable  fines  and  meet  dense 
graded  requirements  without  difficulty. 

Swanberg  has  given  excellent  reasons  for  the  use  of  open  graded 
types  in  Minnesota ; and  the  well  known  penetration  macadam  roads  in 
Oregon  are  undoubtedly  the  most  suitable  means  for  utilizing  crushed  rock 
from  the  extensive  lava  flows  in  that  state. 

Mr.  W.  H.  Mills,  Jr.,  of  South  Carolina,  has  presented  an  interesting 
description  of  another  type  of  mixture  which  utilizes  existing  sand  present 
in  large  areas  in  the  Southeast.  He  reports  many  miles  of  this  construction 
covering  several  states,  and  furnishes  considerable  detail  as  to  gradation 
of  sand,  percentage  of  asphalt,  etc.  Mixtures  are  made  both  in  plants 
and  on  the  road  with  traveling  mixers.  Mills  comments  that  “machine 
mixes  containing  the  same  quantity  of  asphalt  are  richer  in  appearance 
than  road  mixes.”  This  same  tendency  caused  a great  deal  of  trouble  in 
California  when  plant  mixes  were  first  used,  following  the  earlier  experi- 
ence with  road  mixing.  The  quantities  of  oil  were  largely  fixed  by  “judg- 
ment” based  on  the  appearance  of  a fresh  mix  and  the  result  was  that 
most  of  the  early  plant  mix  jobs  were  too  dry  and  suffered  considerable 
raveling.  This  is  cited  as  proof  that  it  is  not  always  safe  to  depend  on 
the  eye  or  personal  judgment  of  even  “experienced”  field  men. 

Mills’  statement  that  moisture  up  to  6 or  8%  in  the  average  sand 
is  not  objectionable  and  may  even  be  beneficial  is  rather  startling  to 
some  of  us  in  the  West  who  have  been  limiting  moisture  contents  to 

1 %%.  It  would  be  interesting  to  know  how  much  moisture  the  sand  as- 
phalt mixes  actually  contain  when  they  are  finally  consolidated. 

Swanberg  comments,  “Mr.  Mills  discusses  the  greater  stability  of 
mixes  in  which  the  sand  carries  from  15  to  20%  of  clay.  The  greater 

stability  can  probably  be  attributed  to  the  better  grading  of  the  aggregate 
from  stability  standpoint;  an  increase  in  the  consistency  of  the  asphalt' 

by  the  presence  of  filler  and  possibly  absorption  of  the  volatile  fractions 
of  the  cutback  by  the  clay.” 

Mills'  paper  should  encourage  Western  engineers  to  look  with  a de- 
signing eye  on  some  of  the  sand  dunes  and  beach  sands  which  are 

available  in  certain  regions. 

Fahnestock,  of  North  Carolina,  gives  further  description  of  the  sand 
asphalt  mixtures,  with  special  reference,  however,  to  the  so-called  drag 
retreatment  process  in  which  a rather  fine  dense  graded  aggregate  is 
used  to  level  off  and  resurface  old  pavements,  the  material  being  mixed 
in  place  on  the  road  by  means  of  a special  wire  broom  drag.  The  ap- 
parent economy  of  this  treatment  and  the  very  favorable  reports  of  the 
final  result  which  have  been  brought  back  by  western  engineers,  makes 
this  process  well  worth  looking  into. 
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Swanberg  reports  similar  work  in  Minnesota,  and  considers  that  the 
quantity  of  asphalt  reported  by  Fahnestock  appears  excessive  and  likely 
to  contribute  to  ‘fat  spots,’  judged  by  Minnesota  experience. 

Powers  states  that  treatments  of  a similar  nature  have  been  carried 
on  in  Arizona,  utilizing  in  every  case  a medium  curing  product  with  ag- 


gregate graded  as  flolows: 

Passing  square  opening  100% 

Retained  on  3-mesh  sieve  20-30% 

Passing  10-mesh  sieve  40-50% 

Passing  200-mesh  sieve  7-12% 


This  mixture  is  placed  over  old  badly  cracked  pavements  to  a depth 
of  approximately  1 inch.  Powers  states: 

“While  this  treatment  has  been  very  effective  as  far  as 
smoothing  up  the  old  pavement,  it  has  not  been  very  effective  in 
nreventing  cracks  from  the  old  pavement  showing  through  into 
the  new  resurfacing. 

“In  order  to  overcome  and  prevent  cracking  of  the  newly 
laid  resurfacing,  we  have  in  many  cases  where  grade  line  would 
permit,  placed  an  intermediate  layer  of  approximately  2 inches 
of  suitable,  and  stable  natural  material  between  the  old  pavement 
and  the  new.  The  maximum  size  allowed  in  the  intermediate  layer 
of  natural  material  is  usually  % inch  with  rock  content  (above 
No.  3 sieve)  ranging  between  25%  and  50%,  depending  upon 
the  source. 

“While  this  type  of  construction  has  been  done  for  probably 
not  over  two  years,  there  is  to  date  no  evidence  of  cracking  or 
checking  of  the  new  surface  even  though  the  original  pavement 
may  have  been  badly  cracked.” 

After  the  bituminous  pavement  has  been  constructed,  whether  dense 
graded,  open  graded,  or  macadam  type,  it  usually  gets  a seal  coat  sooner 
or  later,  whether  it  is  needed  or  not.  The  place  of  seal  coats  has  been 
discussed  by  Ernest  H.  Coffin,  Supervisor  of  Wayne  County  Highway 
Department,  Richmond,  Indiana.  Mr.  Coffin  places  emphasis  on  the  use 
of  small  screenings  or  coarse  sand  for  seal  coats.  The  following  com- 
ment on  his  paper  is  made  by  Russell  of  Wyoming: 

“Mr.  Coffin  in  his  paper  has  indeed  stressed  a most  import- 
ant fundamental  of  bituminous  surfaces. 

“Soon  after  we  started  the  construction  of  bituminous  surfaces 
we  realized  this  necessity  and  called  for  a plain  seal  of  RC-1  on 
all  contracts.  Repeated  sealing  on  dense  graded  mats  soon  leads 
to  slippery  surfaces  and  the  only  alternative  then  is  a cover  of 
either  stone  chips  or  sand. 

“If  the  surface  is  thoroughly  sealed,  however,  and  covered 
with  chips  all  of  which  pass  %"  or  %"  with  0-5  pass  No.  10 
the  mat  should  be  adequately  protected  against  both  air  and  water. 

An  additional  cover  of  sand  would  improve  riding  conditions 
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and  make  a more  non-skid  surface.  I would  however  suggest  the 
sand  seal  as  a reseal  after  the  original  chip  seal  has  had  a few 
years  of  service  and  is  ready  for  an  additional  coating. 

“We  are  at  present  calling  for  stone  chip  seals  on  many  of 
our  new  projects  and  maintenance  forces  are  using  sand  as  a cover 
on  most  of  our  resealing.” 

Factors  influencing  the  selection  of  seal  coat  types  are  discussed 
in  a paper  by  Earl  B.  Lockridge  of  Indiana.  Mr.  Lockridge  has  presented 
an  excellent  detailed  account  of  the  theory  and  practice  of  seal  coats, 
and  he  emphasizes  one  point  which  is  not  always  kept  in  mind  when 
the  type  of  seal  is  being  selected.  He  states  that  seal  coats  may  be 
applied  for  different  reasons.  It  might  clarify  the  situation  somewhat  if 
distinct  terminology  could  be  used  to  differentiate  between  a treatment 
designed  to  prevent  the  entrance  of  water  into  the  pavement,  which  is  of 
course  correctly  designated  as  a seal,  as  compared  to  treatments  applied 
to  prevent  a dry  surface  from  raveling,  or  to  reduce  slipperiness.  The 
methods  and  technique  may  often  be  varied  to  advantage  where  the  in- 
tent is  not  definitely  to  provide  a seal  against  moisture.  Lockridge  em- 
phasizes the  fact  that  both  asphalts  and  aggregates  have  been  con- 
demned at  times  because  they  had  not  been  properly  proportioned.  In 
his  opinion,  it  is  an  error  to  attempt  to  produce  a pebbly  surface  with 
coarse  texture  rather  than  the  so-called  sandpaper  finish.  A great  many 
people  who  object  to  traveling  over  the  “roaring  retreads”  will  agree 
with  him. 

Lockridge  does  not  touch  on  one  factor  influencing  seal  coat  construc- 
tion which  has  been  of  much  interest  in  California ; namely,  the  danger 
of  concentrating  moisture  beneath  a pavement  due  to  the  prevention  of 
evaporation.  Most  bituminous  mixtures,  even  of  the  dense  graded  type, 
will  permit  the  passage  of  water  vapor  at  a sufficient  rate  to  prevent 
an  excessive  accumulation  in  the  upper  layer  of  the  subgrade.  In  cases 
where  the  upward  movement  of  water  is  appreciable,  a seal  coat  may 
cause  moisture  to  accumulate  immediately  under  a bituminous  surface 
to  such  an  extent  that  the  bearing  power  of  the  subgrade  is  reduced 
below  the  safety  point. 

While  it  is  true  that  on  new  construction  any  material  in  the  upper 
layer  of  the  roadbed  should  have  adequate  supporting  power  when  saturated, 
nevertheless,  there  are  many  old  roads  and  places  where  funds  do  not 
permit  the  reconstruction  of  a poor  subgrade.  In  such  cases  surfacing 
methods  should  be  avoided  which  facilitate  the  accumulation  of  moisture. 

There  have  been  a number  of  cases  where  roughness  and  breaking 
up  of  oil  roads  can  be  traced  to  this  cause.  This  does  not  mean,  in  any 
case,  that  seal  coats  should  be  abandoned  in  regions  where  there  is  heavy 
rainfall  or  severe  winter  conditions,  but  it  does  mean  that  local  condi- 
tions should  be  studied  before  application  of  a seal  coat. 

In  addition  to  the  papers  involving  more  or  less  proved  principles  and 
their  application  to  bituminous  design,  we  have  a paper  by  Mr.  N.  M. 
Finkbiner.  Engineer  of  Materials,  Oregon  State  Highway  Department, 
describing  an  investigation  on  the  significance  of  the  compressive  strength 
of  asphaltic  concrete  mortars.  Mr.  Finkbiner ’s  paper  should  be  read  in 
its  entirety  to  appreciate  the  significance  of  the  data  submitted. 
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He  submits  data  to  show  the  effect  of  variations  of  the  amount  of 
asphalt,  amount  of  filler,  and  the  amount  of  mortar  on  the  compressive 
strength  of  sand  asphalt  mixtures.  Test  results  are  plotted  on  a tri- 
axial  chart  to  form  an  isodynamiagram  in  order  to  indicate  the  interre- 
lationship in  percentage  of  sand,  filler,  and  asphalt  to  produce  compres- 
sive strengths  higher  than  600  pounds  per  square  inch. 

Finkbiner  summarizes  his  observations  as  follows : 

1.  Variation  of  the  percentage  of  mineral  filler  in  the  mixtures 

studied  did  not  have  as  great  an  effect  upon  the  compressive  strength 
of  these  mixtures  as  a variation  of  the  percentage  of  asphaltic  cement. 

2.  A change  in  the  value  of  the  asphaltic  cement,  mineral  filler 

ratio  did  not  affect  the  compressive  strength  of  the  mixtures  as  much 
as  a change  of  the  value  of  the  asphaltic  cement,  sand  ratio. 

In  conclusion,  I desire  to  express  a debt  of  gratitude  to  Mr.  F.  N. 

Hveem,  Senior  Physical  Testing  Engineer,  California  Division  of  High- 
ways, who  assisted  materially  with  the  analyses  and  critical  comments 
on  the  papers  covered  by  this  report. 
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Mr.  Powers: 


Prof.  Housel: 

Michigan 


Gentlemen.  As  you  know  from  the  proceedings  of  yes- 
terday and  the  summary  that  has  been  read  this  morn- 
ing, there  is  somewhat  of  an  overlapping  in  the  Re- 
search Section  and  the  Fundamentals  Section,  so  from 
my  point  of  view  if  there  are  any  discussions  that  you 
would  like  to  continue  from  yesterday  I don’t  believe 
they  will  be  misplaced  at  this  session. 

Mr.  Stanton,  in  writing  his  review,  divided  it 
into  three  different  sections.  The  first  section  is  Sub- 
grades and  Foundations,  ’ ’ and  at  the  present  time  we 
will  discuss  that  particular  phase  of  it. 

Since  I happen  to  be  one  of  those  who  has  written 
a paper  and  also  have  to  act  as  chairman,  it  seems  to 
me  that  I should  be  privileged  to  ask  a question  or  two 
myself,  so  for  that  particular  reason  I am  going  to  ask 
Professor  Housel  to  give  us  some  data,  if  he  will,  from  his 
work  which  would  indicate  to  us,  (and  I am  sure  you 
will  be  interested  in  it),  what  thicknesses  of  base  course 
are  necessary  on  certain  types  of  soil.  Professor  Housel : 

Mr.  Chairman  and  Gentlemen:  That  question  seems  to  be 
one  that  we  were  discussing  yesterday.  I will  be  glad  to 
enlarge  on  it  to  whatever  extent  I can,  and  to  do  so 
would  like  to  make  use  of  the  blackboard. 

In  the  first  place,  the  most  definite  answer  to  Mr. 
Powers’  question  as  to  thickness  of  base  required  on 
different  types  of  subgrade  would  be  that  in  order  to 
determine  that  particular  factor  we  necessarily  must  make 
some  physical  tests  of  the  subgrade  soil  in  order  to 
know  what  its  capacity  to  sustain  loads  will  be.  For 
cohesive  soils,  clay  soils  as  most  of  us  know  to  be  the 
least  resistant,  the  shearing  resistance  which  we  dis- 
cussed would  be  a necessary  factor  to  be  determined 
before  the  definite  answer  could  be  given  as  to  the 
thickness  required.  Our  clay  subgrades  vary  in  bearing 
capacity  through  the  year  due  to  the  seasonal  fluctua- 
tion in  moisture  content. 

Mr.  Powers  showed  me  earlier  this  morning  one 
sort  of  empirical  index  that  he  has  been  using  in  con- 
nection with  such  soils  in  which,  for  different  ranges  of 
lineal  shrinkage  of  subgrade  soils  different  thicknesses 
of  base  course  were  required.  As  an  empirical  index  I think 
that  that  is  a logical  thing,  because  we  know  that  in 
clay  soils  their  volume  changes  are  a measure  of  the 
amount  of  moisture  that  can  be  absorbed,  and  that  along 
with  the  increase  in  moisture  content,  measured  in  that 
way,  there  is  a decrease  in  shearing  resistance.  Therefore, 
as  a substitute  for  what  you  might  call  an  actual  measured 
shearing  resistance  that  is  a logical  method  of  approach. 

What  we  need,  however,  is  more  shearing  resistance 
tests  at  these  varying  moisture  contents.  Then  we  may 
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be  able  to  get  a closer  correlation  between  moisture  con- 
tent and  shearing  resistance.  In  the  early  work  that 
Eno  did  he  made  some  actual  determinations  over  a 
period  of,  I believe,  about  two  years,  that  showed  that 
seasonal  fluctuation  in  moisture  content  to  a maximum, 
as  you  would  expect,  in  the  spring  of  the  year,  or  during 
the  period  from  the  late  winter  to  the  spring.  In  general 
I think  that  it  is  fair  to  us  to  assume  that  in  the 
clay  soils  they  are  liable  to  come  pretty  close  to  their 
maximum  capacity  to  absorb  moisture,  so  that  the  shrink- 
age criterion  would  be  a useful  one. 

Another  factor  which  of  course  must  be  considered 
is  the  ability  of  the  base  course  to  distribute  loads.  Refer- 
ring to  the  sketch  that  is  still  on  the  board,  the  load 
applied  to  the  base  is  distributed  laterally  depending 
upon  the  shearing  resistance  of  the  base,  and  relieving 
the  clay  subgrade  of  the  concentration  of  pressure  im- 
mediately under  the  load.  We  have  very  few  determina- 
tions of  the  shearing  resistance  that  is  actually  developed 
by  these  mixtures.  Mr.  Powers  has  a shear  cylinder,  de- 
scribed in  an  article  which  many  of  yon  have  seen, 
and  we  now  have  built  in  the  Michigan  laboratory  a 
similar  shear  cylinder.  We  are  attempting  in  the  labora- 
tory at  this  time  to  duplicate  on  laboratory  samples  of 
the  field  mixture  the  densities  that  were  measured  in 
the  field  in  connection  with  the  load  test  that  we  dis- 
cussed. Just  as  soon  as  we  determine  that  we  can  compact 
these  mixtures  to  these  field  densities,  and  if  we  can 
measure  a shearing  resistance  by  that  test  which  is  com- 
parable to  the  determinations  that  were  made  in  the 
field  by  the  load  test,  we  will  then  be  able  to  effectively 
design  the  base  before  it  is  built. 

No^v,  of  course,  with  load  tests,  if  we  measure 
the  shear  after  it  is  built  it  is  too  late  to  design  it.  The 
problem  of  devising  the  proper  laboratory  test  looks  to  be 
well  on  the  way  to  solution. 

There  is  one  thing  that  I did  not  mention  yesterday 
in  connection  with  the  load  tests  that  rather  surprised 
all  of  us  who  were  more  or  less  expecting  to  find  that 
the  subgrade  finally  carries  the  load.  Professor  Emmons 
made  that  statement,  and  I think  it  is  one  to  which  we 
all  agree,  but  there  is  a little  complication  in  that 
conception  which  was  brought  out  by  these  load  tests. 

We  expect  that  as  the  load  is  placed  on  the  surface 
the  first  thing  that  will  happen  is  that  the  concentration 
of  pressure  will  develop  under  the  load,  and  the  subgrade 
will  be  the  first  thing  that  starts  to  fail.  We  would 
expect  that  it  would  take  considerable  sagging  of  the 
surface  to  develop  the  shearing  around  the  boundaries 
of  the  loaded  area.  Considering  that  we  have  two  stress 
reactions  or  resistances,  first  the  supporting  pressure  of 
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the  subgrade  and  then  the  distributing  action  of  the  base, 
we  would  expect  the  sequence  to  be  that  the  subgrade 
would  fail  first  and  then  punching  shear  through  the  sur- 
face would  be  developed. 

Out  in  the  field  we  were  surprised  to  find  that  the 
sequence  of  those  reactions  was  reversed  in  practically 
all  of  our  tests.  In  other  words,  the  rigidity  of  the 
base  (that  is  a 6-inch  gravel  base  and  a 3-inch  oil  ag- 
gregate on  top  of  that,  or  an  equivalent  of  a 9-inch 
base)  with  respect  to  the  subgrade  seemed  to  be  suf- 
ficient, so  that  instead  of  following  the  subgrade,  instead 
of  sagging,  the  base  distributed  the  load  laterally  before 
it  transmitted  it  to  the  central  column. 

In  other  words,  what  I have  tried  to  indicate  is  that 
the  load  was  carried  out  to  the  side  first  and  not  right 
under  the  load.  The  pressure  at  low  settlements  was  very 
much  reduced  and  it  wasn’t  until  the  load  had  been  built 
up  to  a point  where  shearing  of  the  base  started  that 
we  began  to  get  the  high  concentration  immediately 
under  the  load. 

The  sequence  in  which  the  two  stress  reactions  de- 
veloped suggests  that  these  bases  which  are  more  rigid 
than  the  subgrade  are  not  going  to  be  deformed  at  the 
same  rate  as  the  subgrade.  Therefore,  before  we  develop 
subgrade  bearing  capacity  we  will  have  at  least  started 
to  shear  through  the  surface.  It  appears  that  we  can 
scarcely  afford  to  shear  through  the  surface,  because  that 
means  the  break-down  of  that  structural  element,  the 
slab,  so  it  may  be  that  we  will  have  to  design  the  slabs 
to  carry  the  load  in  shear  more  or  less  independent  of 
the  subgrade  bearing  capacity. 

In  other  words,  w'hat  I am  trying  to  point  out  is 
that  possibly  we  are  going  to  be  faced  in  some  cases  with 
floating  the  slab  on  a subgrade  which  may  have  a very 
low  bearing  capacity,  just  like  a concentrated  load  on  a 
sheet  of  ice.  That  brings  beam  action  into  the  problem, 
and  indicates  the  necessity  of  either  making  the  base 
flexible  enough  to  deform  at  the  same  rate  as  the  sub- 
grade  or  rigid  enough  to  transmit  the  entire  load  to  the 
subgrade  in  shear  without  a concentrated  supporting 
pressure  under  the  central  column. 

Frankly,  the  status  of  those  tests  and  the  analysis 
and  finding  that  the  sequence  of  those  reactions  was 
just  the  opposite  from  what  we  expected  left  us  a little 
bit  confused  with  regard  to  design.  I am  not  prepared 
to  say  until  we  have  completed  our  laboratory  studies, 
whether  we  should  recommend  a thickness  of  base  suf- 
ficient that  the  punching  shear  through  the  base  will 
carry  the  load,  or  whether  we  should  try  to  specify  the 
thickness  to  make  the  base  more  flexible  so  it  will  follow 
the  subgrade  deformation  as  it  takes  place. 
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Mr.  Powers: 


H.  G.  Nevitt: 

Missouri 


I will  repeat  what  1 said  yesterday,  in  an  attempt: 
to  give  a more  specific  answer  to  Mr.  Powers’  question. 
From  these  tests  and  our  general  experience  we  are 
of  the  impression  that  the  present  more  or  less  standard 
6-inch  to  9-inch  bases  that  are  used  conventionally  over 
most  any  type  of  soil  are  thicker,  perhaps  considerably! 
thicker,  than  are  necessary  over  rigid  high  bearing  capa- 
city subgrades,  such  as  the  Fox  profile  that  Mr.  Stokstad 
spoke  of  yesterday,  and  I am  pretty  definitely  of  the 
impression  that  these  same  more  or  less  conventional 
thicknesses  are  quite  inadequate  over  many  of  the  clay 
subgrades  which  actually  do  take  on  high  moisture  con- 
tents and  suffer  the  loss  in  shearing  resistance. 

Does  that,  Mr.  Powers,  cover  your  question? 

That  covers  about  what  I expected.  Thank  you.  Since 
Professor  Housel  has  referred  to  the  empirical  method  we 
use  for  determining  depth  of  base  course,  it  might 
be  interesting  to  give  you  those  particular  data.  They 
are  based  on  the  shrinkage  of  the  minus  40  materials. 

When  it  is  from  0 to  2%  we  use  no  base  course! 
materials  or  no  overlying  materials.  When  the  linear 
shrinkage  is  from  2 to  4%  we  use  6 inches;  4 to  6%, 
9 inches;  6 to  9%,  12  inches;  and  above  9%,  15  inches 
or  more,  and  it  is  not  unusual  for  us  to  place  18  or 
even  24  inches. 

If  it  is  possible,  I would  like  to  have  a discussion  of 
that  particular  phase  from  the  floor,  or  comments  or 
questions  that  may  be  answered  by  some  of  the  Conference 
Board. 

Professor  Housel  made  some  remarks  on  design  which 
happen  to  fit  in  with  some  observations  I made  in  the 
field,  without  having  his  theory,  and  I think  it  is  such 
a large  and  important  subject  that  I would  like  to  make 
a few  remarks. 

His  results,  that  is,  his  observations  in  the  field,  indi- 
cate that  beam  action  may  come  into  effect.  There  have 
been  three  theories  of  design,  I believe,  generally  speak- 
ing. One  is  the  punching  shear,  of  which  I believe 
Professor  Housel  is  the  leading  exponent.  Bernard  Gray 
leans  toward  the  distribution  of  stress  over  the  sub- 
grade area  by  a spreading  action ; and  then  we  have 
the  beam  action,  which  I believe  I have  urged  more  than 
anybody  else,  although  of  course  all  of  these  have  been 
discussed  widely  by  a number  of  people. 

Professor  Housel ’s  conclusions  seem  to  indicate  that  : 
beam  action  comes  into  play,  and  he  brings  up  the  point 
that  we  might  have  too  rigid  a foundation.  I believe  I 
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Mr.  Powers: 


have  observed  that  very  thing  in  the  field  in  driving  over 
the  large  territory  that  I try  to  visit  occasionally.  I be- 
lieve that  I have  noticed  a tendency  toward  what  I call 
‘ 4 over-design”  of  the  base.  We  are  tending  towards 
heavy  bases  which  are  beginning  to  get  rather  rigid.  As  a 
result  we  begin  to  get  a breakdown  which  is  quite  dif- 
ferent from  what  we  used  to  have.  We  are  building  rather 
thin  mats  on  top  of  very  rigid  bases  and  now  we  are 
beginning  to  get  cracking  due  to  this  rigidity.  There  now 
is  a tendency  to  go  to  too  heavy  bases,  which  gives  you 
this  rigid  construction,  and  to  too  thin  mats.  I believe 
some  of  our  older  mats  and  some  of  our  older  construc- 
tion have  stood  up  where  they  had  an  adequate  base  yet 
not  too  thick  a base,  and  an  adequate  mat,  one  of  2% 
to  3"  in  thickness,  which  is  perhaps  the  answer  to  some 
of  these  points.  Professor  HousePs  remarks  rather  fit 
into  such  a theory. 

I wonder  if  we  cannot  keep  the  flexibility  of  our 
surfacing  by  balancing  the  design  of  the  mat,  which  is 
stronger  in  the  beam  phase,  against  the  gravel  founda- 
tion, which  is  less  strong  in  bending  although  it  may  be 
quite  strong  from  the  punching  shear  standpoint.  I wonder 
whether  good  design  may  not  lead  us  to  mats  which 
are  a little  thicker  than  some  of  the  rather  light  mats 
we  have  been  heading  toward,  and  to  bases  which  are 
not  quite  so  heavy,  so  we  keep  our  roads  to  the  idea 
which  has  always  been  behind  bituminous  construction, 
that  we  have  a flexible  type  of  surface.  In  other  words, 
I think  that  if  we  over-design  the  bases  it  is  an  economic 
disadvantage  due  to  the  extra  expense.  If  we  do  not  over- 
design  the  bases  and  do  not  under-design  the  mats,  we 
may  hold  ourselves  to  the  original  idea  of  a bituminous 
surface,  which  is  a flexible  surface  able  to  adapt  itself 
to  the  subgrade  and  to  pass  the  stress  on  to  the  subgrade 
and  utilize  the  subgrade  bearing  power  to  the  maximum 
extent. 

These  remarks  seem  to  lead  up  to  or  generally  point 
toward  the  possibility  of  that  conclusion.  I don’t  say  that 
they  indicate  it,  but  I just  wonder  if  the  points  that  have 
been  made  do  not  indicate  that  maybe  we  should  stay 
to  a little  bit  thicker  mat  and  not  go  to  too  heavy  bases, 
yet  of  course  go  to  adequate  bases.  Very  seldom  have  we 
had  too  heavy  bases  in  the  past.  I want  to  rush  in  to 
say  that.  Our  bases  have  been  generally  too  light,  but 
maybe  we  can  go  to  the  other  extreme  and  make  them 
too  heavy  and  rigid. 

Thank  you,  Mr.  Nevitt.  Is  there  anyone  else? 
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A.  ii.  Stoddard: 

Iowa 


Mr.  Powers: 

Dr.  Hans 
Winterkorn: 

Missouri 


As  an  exponent  of  a state  which  has  been  carrying  on  the 
other  extreme,  I feel  a cosmic  urge  to  give  our  opinion. 
We  build  lots  of  base  with  very  thin  mat.  There  are 
a couple  of  points  in  Mr.  Housel’s  discussion  which  it 
seems  could  still  be  enlarged  upon.  One  is  that  the  de- 
termination of  the  lineal  shrinkage  is  a definite  thing 
insofar  as  laboratory  determination  is  concerned.  It  will 
be  an  easy  matter  to  classify  soils  upon  that.  The  deter- 
mination of  the  sheer  is  dependent  upon  the  moisture  con- 
tent, and  to  know  whether  you  have  a sample  which  ex- 
actly represents  the  maximum  moisture  content  to  which 
the  soil  will  be  subjected  is  an  investigation  which  takes 
considerable  time. 

If  you  are  in  a hurry,  as  most  laboratories  are  with 
their  work,  the  basis  upon  which  you  can  accomplish  the 
end  with  the  least  work  is  the  one  which  is  most  desirable. 
I believe  that  if  we  work  out  the  relationship  between  the 
shears  for  the  various  classes  of  soils  and  get  that  down  to 
some  other  determination  which  could  be  made  more  rap- 
idly, it  would  be  a big  help  in  the  classification  from  the 
point  of  view  of  determining  the  amount  of  base  necessary. 

We  build  about  five  inches  of  stabilized  base  on  most  of 
our  soils.  That  is  an  over-design  in  a good  many  cases, 
and  the  amount  of  mat  we  put  on  is  about  %-inch  thick. 
That  gives  a perfectly  good  wearing  surface,  and  if  the 
base  is  adequate  that  mat  is  adequate. 

The  ultimate  end  of  any  of  these  surfaces  is  to  pro- 
duce a riding  surface  which  is  satisfactory,  and  it  has  been 
our  experience  that  when  you  had  one  that  was  flexible 
enough  to  follow  the  contours  of  the  soil  you  had  an  un- 
satisfactory riding  surface. 

Thank  you,  Mr.  Stoddard. 

Mr.  Chairman,  it  might  be  in  order  to  remind  the  audience 
at  this  moment  that  the  shearing  resistance  of  the  soil  is 
dependent  not  only  upon  the  moisture  content  but  also 
upon  the  structure,  which  may  change  while  the  soil  speci- 
mens are  being  prepared  and  tested.  If  you  make  your 
test  on  the  disturbed  soils,  they  may  after  a while  acquire 
a structure  and  their  stability  may  increase.  Besides  that, 
the  stability  or  shearing  resistance  depends  also  upon  the 
temperature.  That  means,  if  you  have  a certain  soil  with  a 
certain  moisture  content,  this  soil  will  show  different 
shearing  resistances  according  to  the  different  tempera- 
tures. This  is  a very  important  factor.  We  have  to  con- 
sider it  in  our  stability  considerations. 

I thought  it  might  be  in  order  to  bring  that  out.  We 
can  have  the  same  thing,  of  course  in  the  stability  of  an 
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asphalt  pavement  which  has  been  permitted  to  absorb  a 
certain  amount  of  moisture.  At  one  temperature  this  mois- 
ture may  not  do  any  damage;  at  a higher  temperature, 
when  the  fines  cannot  hold  the  moisture  they  have  ab- 
sorbed, and  the  water  becomes  liquid  again,  then  the  sta- 
bility of  our  pavement  may  go  down. 

Consequently,  the  pavement  may  be  stable  at  low  tem- 
peratures with  a certain  moisture  content,  and  at  higher 
temperature  the  pavement  may  not  be  stable. 

That  brings  up  the  question,  as  I view  it,  from  Mr.  Stod- 
dard’s point  of  view.  He  spoke  of  stabilized  bases.  Just 
exactly  what  should  be  the  terminology  for  a stabilized 
base?  Are  you  speaking  of  “ stabilized”  by  admixtures  of 
any  nature,  whether  chemical  or  asphalt  types,  a cement 
type,  or  are  they  natural  materials  which  may  have  been 
stabilized  by  the  addition  of  either  sand  or  clay  to  the 
natural  material?  I am  asking  Mr.  Stoddard. 

In  that  connection  we  have  built  a number  of  experimental 
roads  which  have  a base  stabilized  with  bitumen.  The 
bitumens  may  be  either  SC’s  or  MC’s  or  emulsions.  We 
have  examples  of  each,  but  the  major  type  that  we  have 
been  building  is  a normal  soil  aggregate  stabilization, 
without  any  treatment  of  calcium  at  all. 

We  have  also  used  a base  that  we  call  a rolled  stone 
base.  It  is,  in  effect,  similar  to  a stabilized  mixture,  but 
made  with  limestone  only.  We  have  limestones  which 

have  a considerable  percentage  of  shale  in  them  which 
forms  an  excellent  binder,  and  they  are  a very  good 

natural  base  when  properly  laid.  We  have  all  types. 
The  majority  are  of  the  soil  aggregate  mixture,  clay  and 
graded  soils. 

The  reason  I asked  the  question,  Mr.  Stoddard,  is  this: 
The  designation  you  gave  of  a stabilized  base  brought  to 
mind  that  ordinarily  we  don’t  do  any  stabilization  of 
that  nature.  We  usually  put  on  a base  course  without 
going  into  a stabilized  base.  It  is  merely  a stabilized  layer 
superimposed. 

It  seems  to  me  there  could  be  a question,  when 

you  speak  of  a stabilized  base,  of  bringing  to  mind 

that  there  are  different  methods  that  might  be  used 
by  different  states  for  the  same  purpose  and  still 
not  be  called  stabilized  bases.  In  other  words,  they  could 
be  called  a base  without  the  prefix  “stabilized.” 

That  is  entirely  correct.  The  stabilized  base  that  we  have 
adopted  is  one  for  our  own  use,  principally.  We  have 
not  very  many  supplies  of  natural  materials  which  make 
a base  satisfactory  without  having  such  a combination 
as  would  fit  into  that  soil  aggregate  stabilization  mixture. 
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Anything  in  which  yon  incorporate  any  material  of  any 
type,  regardless  of  what  it  is,  is  a stabilized  base  from 
your  standpoint,  whether  it  be  clay,  cement,  sand,  or 
any  material  of  that  nature? 

Yes,  I would  say  onr  terminology  would  cover  any  of 
those,  but  in  a general  way  the  one  we  refer  to  as  a 
stabilized  base  is  only  the  soil  aggregate  mixture.  That 
is  the  one  we  generally  designate  as  a stabilized  base. 

Is  there  any  more  discussion? 

There  are  several  points  that  have  been  brought  up  on 
which,  if  it  is  not  imposing  too  much  on  your  time, 
I think  I would  like  to  say  a few  words. 

Mr.  Nevitt  mentioned  several  rational  design  formulae 
which  are  formulated  upon  two  different  conceptions 
of  the  distribution  of  the  load  through  the  base ; that 
is,  Bernard  Gray’s  formula,  which  makes  use  of  an  angle 
of  distribution  or  spread,  and  Hawthorn’s  formula,  which 
makes  use  of  an  angle  of  spread,  and  then  the  formula 
which  we  have  worked  out,  which  makes  use  of  punching 
shear. 

I am  just  a little  afraid  that  many  of  you  may  get 
the  impression  that  here  again  is  another  one  of  those 
two  opposing  viewpoints  which  you  will  have  to  choose 
between  and  which  are  contradictory;  that  is,  that  they 
are  not  in  agreement. 

That  is  not  the  case,  exactly.  It  is  again  just  a 
little  different  in  the  selection  of  the  controlling  fac- 
tors. I believe  I can  point  that  out  rather  briefly,  and  I 
think  it  might  be  worth  while. 

During  the  stage  of  load  where  there  is  no  tendency 
to  overstress  the  base,  that  is,  the  shearing  resistance  hasn’t 
been  exceeded  on  the  boundary  planes,  we  have  a normal 
pressure  distribution  curve  which  is  shown  in  all  in- 
vestigations of  pressure  distribution,  in  which  the  average 
angle  of  distribution,  which  I have  indicated  by  a uni- 
form distribution  across  the  pressure  cone  is  45  degrees. 
The  limiting  angle  of  distribution,  if  you  went  out  to  the 
zero  point  of  pressure  distribution  curve,  would  be  ap- 
proximately a 1:2  vertical  to  horizontal. 

In  such  pressure  investigations,  as  the  load  is  in- 
creased if  you  are  studying  the  pressure  on  any  plane 
beneath  the  surface,  at  higher  loads  the  character  of  the 
distribution  curve  changes  to  a high  concentration  in 
the  region  under  the  load.  Various  mathematical  con- 
centration factors  have  been  used  in  an  attempt  to  apply 
the  mathematical  theory  of  elasticity  to  the  problem. 
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These  concentration  factors,  however,  vary  with  the  depth 
below  the  load;  vary  with  the  relative  load  and  resistance 
of  the  soil.  In  my  work  I have  taken  the  position  that 
there  is  involved  here  a boundary  effect  or  a discontinuity 
which  cannot  be  represented  by  any  one  mathematical 
equation,  and  that  discontinuity  arises  from  the  fact  that 
when  the  load  becomes  heavy  enough  to  exceed  the  shear- 
ing resistance  on  those  boundary  planes  distribution  lat- 
erally no  longer  takes  place,  and  the  load  concentrates  in 
the  central  column. 

Now,  so  far  as  this  design  of  flexible  surfaces  is  con- 
cerned, we  gave  up  using  an  angle  of  spread  because 
we  feel  the  limiting  value  of  that  distribution  effect  is 
after  all  the  punching  shear.  We  simply  say  that  the 
lateral  distribution  will  be  limited  by  that  shearing  resist- 
ance, expressed  in  terms  of  the  total  load  distributed 
rather  than  in  terms  of  an  angle  of  distribution.  It  is 
simply  another  way  of  expressing  the  same  thing. 

The  boundary  shear  factor  also  brings  into  the  equa- 
tion the  shearing  resistance  of  the  surface,  which  is  the 
essential  physical  property,  and  the  thickness  of  the  sur- 
face, which  is  the  essential  physical  property,  and  the 
thickness  of  the  surface.  It  brings  those  into  the  formula 
in  a rather  simplified  relationship,  and  that  is  the  only 
difference  in  the  methods  used  in  the  Hawthorn  and  Gray 
formulae  and  our  own. 

Mr.  Stoddard  brought  up  a point  about  the  desirability 
of  using  heavier  bases.  If  you  design  a heavy  base,  one 
that  is  surely  adequate,  you  are  necessarily  going  to 
introduce  rigidity  into  the  base  which  makes  the  base 
carry  the  load  before  the  subgrade  develops  support.  If  you 
try  to  establish  a safety  factor  in  your  base  design,  then 
that  means  you  are  going  to  get  away  from  a balanced 
design  so  far  as  flexibility  is  concerned. 

There  are  two  ways  that  we  can  go.  We  can  either 
design  the  bases  rigid  enough  in  themselves,  or  thick 
enough  in  themselves  to  carry  the  total  load,  in  which 
base  we  lose  that  flexibility  that  is  desirable,  or  we 
can  go  to  the  flexible  surfaces,  the  balanced  design. 
Frankly,  I don’t  know,  and  would  not  try  to  answer  that 
question  now,  because  I think  it  is  going  to  require  a 
lot  more  study.  It  seems  that  we  should  have  safety 
factors,  because  the  variation  in  subgrade  bearing  capacity 
can  be  so  extreme ; and  not  only  that,  but  it  can  be  so 
difficult  to  measure  that  it  seems  necessary  that  we 
would  have  to  have  safety  factors  to  take  care  of  those 
variations  which  we  can’t  measure.  That  is  what  safety 
factors  are  for.  If  we  could  measure  the  subgrade  bear- 
ing capacity  with  absolute  assurance  and  know  that  it 
would  not  change,  then  perhaps  we  could  use  a balanced 
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design  with  more  confidence.  Frankly,  I don’t  know,  in 
that  respect,  which  way  to  go ; whether  to  follow  Mr. 

Stoddard’s  lead  and  say  that  bases  should  be  more  rigid, 
or  whether  to  try  to  keep  them  flexible  so  they  will 
deform  with  the  subgrade.  You  can’t  have  both  rigidity 
and  flexibility  and  we  have  to  make  a choice  in  the 

matter  of  designing  bases  in  that  respect. 

One  other  thing  I wanted  to  cover:  Dr.  Winterkorn 
was  very  timely  in  pointing  out  the  fact  that  shearing 
resistance  depends  on  a number  of  other  things  than 
shrinkage.  For  that  reason  I believe  that  nothing  will 
really  take  the  place  of  a positive  measure  of  shearing 
resistance,  and  our  work  has  been  directed  in  that 
line.  We  have  tried  to  develop  the  shearing  resistance 
test  so  that  shearing  resistance  can  be  measured  just 

as  easily  as  other  laboratory  tests,  and  we  have,  I think 
accomplished  something  in  that  direction  by  the  use  of 
a very  simple  apparatus,  a penetration  machine  by  which 
we  can  make  reliable  shearing  determinations  right  out 
in  the  field  on  the  subgrade,  on  the  undisturbed  soil. 
The  test  is  part  of  operations  involved  in  taking  the 
samples,  and  consists  of  driving  the  pipe  to  get  the 
samples  used  in  the  laboratory,  by  recording  the  penetra- 
tion of  a standard  core  barrel  under  the  blow  of  a 

standard  weight  with  a standard  drop.  The  observation 
takes  little  more  time  and  is  just  as  easy  to  do  as  the 
other  methods  used  to  get  the  samples  for  the  laboratory 
tests,  and  if  in  getting  those  samples  you  are  able  to 
make  a shearing  determination,  it  appears  to  be  quite 
practical. 

Mr.  Powers:  Thank  you,  Professor  Housel. 

There  is  one  other  question  that  has  been  raised  in 
connection  with  the  summary,  and  that  is  the  question 
of  stabilizing  sand  mixtures.  Mr.  Stanton,  in  his  paper, 
brought  out  that  at  least  some  of  the  fellows  in  the 

West  should  give  some  consideration  to  it.  Since  Mr. 
Fahnestock  has  written  a paper  along  those  lines,  I 

would  appreciate  hearing  from  him. 

T.  V.  Fahnestock:  First,  I would  like  to  say  that  we  don’t  consider  a pure 

North  Carolina  sand  mix  that  is  mixed  with  rapid-curing  cutback  asphalt 

a stabilized  base.  In  our  conception  a stabilized  base  con- 
sists of  soil  or  aggregate  of  some  description  to  which 
a stabilizing  agent  has  been  added  for  the  purpose  of 
changing  certain  detrimental  characteristics  of  the  ma- 
terial so  that  they  will  prove  satisfactory  under  a thin 
wearing  surface. 

Rather,  we  think  of  the  sand  mixes  as  more  of  a 
bituminous  mixture  wherein  the  bituminous  material  serves 
the  purpose  of  a binder,  rather  than  a stabilizing  agent. 
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I don’t  know  whether  that  distinction  is  clear,  but  that 
is  the  distinction  that  we  try  to  draw  between  the  stab- 
ilized base  and  the  sand  mixes.  In  other  words,  we  use 
in  North  Carolina  quite  a lot  of  hot  mix  sand  asphalt. 
In  that  case  the  asphalt  cement  is  essentially  a binding 
agent ; therefore,  we  consider  our  cold  sand  mixes  in 
a similar  light,  although  the  method  of  construction  may 
be  different. 

I don’t  know  when  the  construction  of  sand  mixes 
with  cutback  asphalt  was  started.  It  has  grown  up  over 
a period  of  years  and  is  quite  extensively  used.  I believe 
South  Carolina  has  used  more  of  it  than  most  any  of 
the  Southern  States.  Perhaps  Florida  has  more  now,  but 
it  has  proven  very  successful  and  it  is  a means  of  utiliz- 
ing an  aggregate  that  is  very  easily  obtainable  over  a 
wide  area  of  the  South  Atlantic  States,  and  it  occurs  in 
an  area  of  those  states  where  other  base  materials  are 
very  scarce. 

The  construction  of  the  cold  mix  sand  asphalt  is 
accomplished  now  usually  by  traveling  plants,  although 
a considerable  portion  of  it  is  still  done  with  blades 

and  harrows,  but  we  think  we  get  much  closer  control 
and  much  better  results  by  the  use  of  plants.  We  have 
successfully  used  within  the  last  few  years  cold  mix  sand 
retreads,  too,  in  the  same  areas  of  the  state  where  the 
mixed-in-place  of  traveling  plant  mixed  base  has  proven 
so  successful.  We  are  short  of  aggregate  for  use  in  re- 
treads other  than  the  sandy  material,  and  we  have  used 
that  and  obtained  very  good  results  with  it.  It  affords  a 
cheap  means  of  protecting  the  old  pavements  and  it 
is  very  easy  to  construct. 

The  most  serious  difficulty  in  the  construction  of 

it,  of  course,  is  weather  hazards.  Rainy  weather  does 

slow  up  the  construction  to  a great  extent. 

Those  retreads  vary  from  an  inch  to  up  as  high  as 
eight  to  twelve  inches  in  thickness  on  the  super-elevation 
of  curves.  A number  of  our  older  pavements  did  not 

have  the  curves  super-elevated,  and  we  have  had  very  good 
success  in  super-elevating  the  curves  with  sand  mix. 

Unfortunately  there  are  no  laboratory  tests  as  yet 
which  we  have  found  to  be  entirely  satisfactory  for  de- 
signing those  mixes.  They  are  designed  more  or  less  by 
trial  and  error,  and  an  experienced  man  in  connection 

with  the  design  of  those  mixes  has  a whole  lot  to  do 

with  the  success  of  the  job.  Also,  an  experienced  man  in 

charge  of  the  work  in  the  field,  who  can  tell  the  proper 
time  when  the  application  is  cured  sufficiently  to  permit 
it  to  be  spread  and  rolled  and  to  have  the  necessary 

stability,  is  very  valuable. 
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In  connection  with  Mr.  Mills’  paper,  he  made  the 
statement,  I believe,  that  from  six  to  eight  per  cent 
moisture  in  sand  mixes  greatly  facilitated  the  mixing. 
Well,  I believe  that  is  true,  particularly  where  the  sand 
contains  a considerable  portion  of  material  passing  the 
200  mesh.  It  is  also  true  that  you  can’t  finish  one  of 
those  sand  mixes  with  a high  per  cent  of  moisture  in 
it  unless  it  happens  to  be  a pure  sand  subgrade.  I have 
seen  some  projects  built  along  the  beach  out  of  beach 
sand  where  the  subgrade  was  of  similar  material ; in  such 
cases  the  mixture  could  be  finished  with  five  or  six  per 
cent  moisture  without  any  serious  ill  effects.  However,  on 
a clay  subgrade  it  is  essential  that  your  moisture  content 
be  reduced  to  one  per  cent  or  lower,  I think,  before  you 
can  have  a pavement  that  will  resist  cracking. 

Of  course,  the  closing  up  of  the  mix  with  excessive 
solvents  in  it  has  much  the  same  effect,  and  it  is  usually 
a practice  that,  if  the  sand  has  moisture  in  it,  the 
mixing  can  proceed  with  as  high  as  six  per  cent  mois- 
ture, and  during  the  aeration  period  when  solvents  are 
being  evaporated,  the  moisture  is  also  lost,  and  I think 
it  is  very  seldom  that  any  of  those  mixes  are  closed 
up  with  more  than  one  per  cent  moisture  in  them. 

Thank  you  very  much,  Mr.  Fahnestock. 

Is  there  any  further  discussion  ? If  not  we  will  go 
on  to  the  next  subject  that  was  taken  up  by  Mr.  Stanton, 
which  was  “Selection  of  Bituminous  Materials.”  In  that 
connection,  as  I told  you  in  the  beginning,  since  I pre- 
pared a paper  I feel  I am  at  least  entitled  to  make  a 
few  comments. 

Yesterday  we  were  discussing  stripping,  and  there 
are  certain  things  that  we  have  found  out  in  our  labora- 
tory, although  we  don’t  believe  the  stripping  test  has 
particular  value.  However,  because  we  have  to  do  that 
particular  type  of  testing  for  the  Bureau  of  Public 
Roads  we  are  interested  in  finding  out  exactly  what 
we  can  about  it. 

In  order  to  make  a quantitative  determination  out 
of  it  we  have  found  that  you  can  take  methanol  and 
water  and  get  a quantitative  determination  of  stripping. 
I would  like  to  hear  if  there  is  anyone  else  who  has 
ever  tried  that  particular  type  of  work,  and  also  what 
their  experience  is.  Methanol  is  not  a solvent  for  as- 
phalt, at  least  not  to  any  appreciable  extent  that  is  notice- 
able. For  those  of  you  who  might  not  be  familiar  with 
methanol,  it  is  wood  alcohol. 

I have  read  a reference  where  somebody  used  a dye.  They 
colormetrically  measured  the  dyes  that  were  assumed  to 
be  absorbed  in  unimolecular  films  on  the  surfaces  which 
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were  stripped  of  asphalt.  I believe  it  was  a German 
reference.  They  seemed  quite  satisfactory. 

Are  there  any  other  comments  on  the  selection  of  bitumi- 
nous materials'? 

I think  the  proposed  use  of  the  methyl  alcohol  is  an 
excellent  idea.  We  know  that  the  stripping  requirements 
change  for  location  and  for  design  of  pavements.  For 
some  locations  and  some  designs  we  do  not  need  a great 
stripping  resistance;  for  others  we  need  a great  stripping 
resistance ; on  the  other  hand,  we  want  to  make  the 
test  in  the  laboratory  at  times  more  severe,  for  instance, 
to  get  in  a shorter  time  the  result  which  we  get  in  a longer 
time  on  the  road,  so  the  problem  is  to  change  the  proper- 
ties of  water  on  one  hand  to  make  its  action  less  severe, 
and  on  the  other  hand  to  make  it  more  severe. 

In  respect  to  making  it  more  severe,  Mr.  Weber  tried 
to  use  alkaline  solutions.  Personally  I have  strongly 
warned  against  this ; but  now  I think  we  can  have,  say,  a 
system  starting  from  methyl  alcohol,  have  methyl  alcohol 
mixtures  with  water,  and  then  if  we  want  to  have  severe 
conditions  we  can  include  the  soaking  period,  as  has 
been  done  by  Saville  and  Axon.  I think  soon  we  will  have 
a very  good  system  for  testing  different  degrees  of  ad- 
hesiveness. The  methyl  alcohol  is  very  closely  related  to 
water,  especially  since  it  has  the  OH3  of  the  water  and 
since  it  is  associated  in  a very  high  degree  like  water  is. 
Ethyl  alcohol  would  not  be  as  closely  related  to  water 
as  methyl  alcohol  is,  so  I think  this  idea  of  Mr.  Powers 
is  an  excellent  one.  I think  one  should  try  the  experi- 
ment and  see  how  much  correlation  one  will  have  witl 
practice. 

Thank  you,  Dr.  WTinterkorn.  Is  there  any  other  comment  on 
the  selection  of  bituminous  materials? 

Some  of  these  gentlemen  back  here  who  are  on  the 
Conference  Board  are  using  different  types  of  materials. 
They  are  using  them  for  particular  reasons.  In  Mr.  Rus- 
sell’s paper  he  told  you  that  he  used  certain  materials; 
Mr.  Finkbiner,  from  Oregon,  uses  different  types  of  ma- 
terials. If  there  are  no  other  comments  from  the  floor, 
I would  like  to  hear  from  those  two  gentlemen.  Mr.  Rus- 
sell first,  please. 

Mr.  Wood  has  asked  the  question,  “Is  a relatively  lean 
mat  to  be  followed  by  a seal  coat  preferable  to  a richer 
mix.”  California  has  experimented  a great  deal  with 
stability  of  mixes  and  found  that  when  the  quantity  of 
mixing  oil  was  kept  definitely  below  the  “lubrication 
point”  stabilities  increased.  We  have  followed  that  trend 
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and  our  mixes  check  very  closely  with  the  surface  area 
formula  as  developed  in  California.  We  are  again  using 
a large  amount  of  SC-3  and  SC-4  and  are  designing  slight- 
ly towards  the  lean  side.  All  mats  are  well  sealed  and 
in  a good  many  instances  stone  chipped  or  sanded.  We  feel 
that  the  savings  we  can  accomplish  by  the  use  of  the 
less  expensive  SC  materials  together  with  a careful 
control  of  the  quantity  used,  gives  us  almost  enough  to 
put  on  the  sand  or  chip  seal.  We  believe  that  we  are 
building  just  as  good  jobs  in  this  way  as  would  be  pos- 
sible with  the  richer  MC  mats. 

N.  M.  Finkbiner : 

Oregon 

What  we  have  been  using  on  our  mixed-in-place  jobs 

is  RC-3.  We  have  been  using  this  product  for  5 or  6 
years,  with  perfect  success.  In  our  eastern  Oregon  cli- 

mate we  prefer  to  use  an  RC-3,  it  is  more  nearly  “ fool- 
proof” than  the  softer  binders  which  require  carefully 
graded  materials.  With  an  RC-3,  for  example,  you  can 
use  materials  which  could  not  be  worked  successfully 
with  an  SC-2.  With  an  RC-3  it  is  not  necessary  to  con- 
trol very  carefully  and  definitely  the  amount  of  filler 
contained.  We  have  had  a job  or  two,  in  fact,  which  con- 
tained practically  no  filler.  We  seal  with  an  emulsion 

or  an  RC-3. 

I would  like  to  return  to  this  stripping  test,  if  I 

may.  It  was  said  in  one  of  these  papers  that  it  would 
be  better  to  use  an  SC-4  for  the  stripping  test.  What 
would  you  think  of  using  in  the  stripping  test  the  exact 
kind  of  material  that  you  are  going  to  use  on  the  road? 
In  other  words,  if  you  use  an  SC-4  for  the  standard  test 
in  the  laboratory,  will  that  tell  you  the  action  of  an  SC-3 
or  an  MC  product  in  the  field? 

I would  like  to  know  what  some  of  you  think  about 

this. 

Mr.  Powers: 

Gentlemen,  you  have  heard  the  question  that  Mr.  Fink- 
biner has  asked.  I would  appreciate  it  if  someone  would 
make  a comment  from  the  floor. 

Dr.  Hans 
Winterkorn: 

Missouri 

I would  think  that  we  should  test  the  materials  that  we 
actually  use  on  the  road.  If  you  make  a survey  of  the 
adhesiveness  of  your  different  aggregates  in  the  state,  as 
we  are  doing  now,  then,  of  course,  you  would  choose 
a certain  type  of  bitumen  if  you  do  not  want  to  run 
too  many  tests.  But  on  the  other  hand,  if  you  do  your 
actual  tests  for  the  purpose  of  establishing  how  your 
pavement  will  probably  behave,  then  you  should  use  the 
mixtures  which  you  want  to  use  on  the  road. 

Mr.  Powers: 

Anyone  else?  Certainly  there  must  be  some  of  you  out 
there  who  have  ideas  on  the  selection  of  bituminous  ma 
terials.  I would  like  to  hear  them. 
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J.  H.  Swanberg: 

Minnesota 


If  that  is  all  for  that  particular  phase  of  the  sub- 
ject we  will  go  on  to  the  next  subject,  “The  Selection 
of  the  Type  of  Mixture.’ ’ 

I might  say  that  in  Minnesota  our  selection  of  mixture 
has  depended  almost  entirely  on  the  type  of  aggregate 
which  we  have  available.  In  Minnesota  the  aggregate  which 
is  available  almost  throughout  the  entire  state  consists 
of  glacial  gravels.  These  gravels,  as  we  find  them  in 
the  gravel  deposits,  will  contain  less  than  15%  of  -200 
mesh  material.  In  fact,  most  of  it  will  run  2,  3,  and  4%. 

With  that  thought  in  mind  we  have  used  for  our 
gravel  road  mixes  and  our  gravel  plant  mixes  almost 
exclusively,  so  far  as  construction  goes,  MC  cutbacks  and 
cold  application  tars.  In  our  road  mixes  where  we  employ 
cutbacks  we  have  used,  up  to  this  year,  almost  exclusive- 
ly MC-2  cutbacks.  But  one  job  that  we  laid  a year  ago 
this  fall  was  constructed  in  part  with  MC-2  cutback  and 
in  part  with  MC-3  cutback.  We  found  on  that  job,  (it 
was  not  seal  coated)  that  because  of  the  lack  of  fines 
(our  void  content  is  probably  up  around  15  or  20%), 
that  after  coming  through  the  winter  the  section  of  the 
project,  approximately  ten  miles  long,  where  we  used 
MC-2  cutback,  showed  a considerably  higher  abrasion 
than  where  we  used  the  MC-3  cutback.  This  year,  where 
the  specifications  were  prepared  subsequent  to  our  work 
of  last  year,  we  have  used  almost  entirely  during  the 
warmer  months  MC-3  cutback. 

Our  basis  for  selection  of  the  cutbacks  or  tars  in- 
stead of  asphaltic  oils,  and  the  point  has  been  made  by 
Mr.  Russell  that  perhaps  we  could  have  used  SC  materials, 
was  that  because  of  the  lack  of  fines  in  our  mixture  we 
would  probably  want  the  harder  setting  materials  rather 
than  the  slow-curing  materials.  We  felt  that  if  we  were 
to  use  slow-curing  oils  it  would  involve  the  addition 
of  fine  materials,  minus  No.  200  material,  in  order  to 
obtain  stability  in  those  mixtures.  I was  discussing  that 
with  Mr.  Russell  this  morning,  and  he  tells  me  that  he 
studied  the  report  on  our  work  in  Minnesota  and  he 
felt  that  we  very  likely  could  use  slow-curing  oils  in 
those  mixtures  and  obtain  satisfactory  results. 

Up  to  the  last  couple  of  years  we  have  done  very 
little  seal  coating  on  these  dense  or  open-graded  aggre- 
gate mixtures;  in  accordance  with  Mr.  Buchanan’s  defini- 
tion there  would  be  in  an  open-graded  mixture  of  that 
type  less  than  5%  of  the  material  passing  200.  We  haven’t 
done  much  seal  coating  on  these  mixes  until  the  last 
year  or  two.  We  have  used  two  types  of  seals.  The  first 
seal  was  that  in  which  we  used,  usually,  the  same  ma- 
terial which  we  used  in  the  preparation  of  the  mixture. 
If  it  was  an  MC-2  mix  we  used  an  MC-2  seal.  If  it  was  a 
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tar  job  we  used  a tar  seal,  and  those  first  seals  that  we 
made  were  simply  fog  seals  of  approximately  one-tenth 
gallon  per  square  yard.  The  basis  of  that  type  of  seal 
was  this : A number  of  maintenance  jobs  were  built  a 
few  years  ago  with  that  same  type  of  aggregate  where  | 
there  was  no  sealing,  and  then  there  might  be  a frac-  :j 
tion  of  a carload  of  material  left  and  in  order  to  clis-  | 
pose  of  that  material  the  maintenance  division  applied 
a fog  seal  over  the  job.  In  some  places  where  we  were 
mixing  the  distributor  might  have  traveled  over  the 
previously  mixed  surface,  leaving  a dribbling  effect  on 
the  mixture  that  had  already  been  placed.  We  found  on 
some  of  those  jobs  that  where  we  had  that  dribbling 
or  that  extremely  light  fog  seal,  the  material  remained 
intact  with  very  little,  if  any,  abrasion  on  it,  and  where 
we  had  no  seal  we  had  abrasion. 

In  the  last  year  we  have  gone  further  and  we  are 
now  applying  seal  coating  material  of  a heavier  grade 
and  using  exclusively,  at  least  on  our  open-graded  mix- 
tures of  gravel,  a sand  cover.  These  have  proven  reason- 
ably satisfactory. 

We  have  had  one  problem  that  might  be  of  interest 
to  you.  We  had  a feeling  in  our  office,  that  inasmuch 
as  these  mixtures  were  relatively  open,  we  should  apply 
our  bituminous  seal  coat  material  at  as  low  a tempera- 
ture as  we  could  and  still  obtain  uniform  distribution, 
and  in  that  way  decrease  the  tendency  of  the  bituminous 
material  to  penetrate  into  our  bituminous  mixture. 

In  some  cases  where  we  had  applied  as  much  as  a quar- 
ter gallon  or  .3  of  a gallon  of  bituminous  material  as  a seal 
coat  material,  in  the  warmer  months,  the  seal  coat  material 
had  penetrated  before  we  could  cover  it.  To  avoid  that 
as  much  as  possible  we  kept  our  temperatures  down  as 
low  as  we  could  and  still  get  uniform  application.  We 
found  that  even  that  wasn’t  the  answer  to  the  problem, 
and  that  applying  the  material  at  such  a low  tempera- 
ture, although  we  were  apparently  from  observation  of 
the  distributor  getting  uniform  application,  we  were  not 
obtaining  uniform  application,  and  we  had  a sort  of 
streaked  effect  of  our  seal  coat.  About  a year  ago  we 
conducted  an  investigation  in  the  laboratory,  using  four 
or  five  different  bituminous  materials.  We  applied  those 
bituminous  materials  at  the  minimum  temperature  recom- 
mended by  the  Asphalt  Institute  and  at  the  maximum 
temperature  of  that  same  range.  We  varied  the  tempera- 
tures of  our  samples  from  approximately  room  tempera- 
ture up  to  as  high  as  140  degrees,  because  we  have 
found  that  temperature  in  our  road  surfaces.  We  found 
that  we  obtained  as  little  a depth  of  penetration  with 
the  higher  temperatures  of  application  or  even  less,  than 
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we  did  where  we  applied  the  bituminous  material  at  a 
lower  temperature. 

Of  course,  the  colder  our  mat  was  the  less  penetra- 
tion we  got.  It  was  rather  revealing  so  far  as  we  were 
concerned,  and  this  year  we  have  applied  our  bituminous 
seal  coating  materials  at  as  high  a temperature  as  we 
can  and  still  stay  within  the  specification  limits. 

Another  item  that  might  be  of  interest  in  that  same 
work  is  that  within  the  last  year  we  have  included  in 
our  specifications  for  this  open-graded  gravel  mixture 
requirements  for  abrasion  of  the  aggregate,  as  measured 
by  the  Los  Angeles  abrasion  test,  and  also  a require- 
ment of  maximum  shale  content.  We  have  limited  abra- 
sion to  a maximum  of  35%  and  we  have  limited  the 
shale  percentage  to  5.  That  limit  was  established  as  a 
result  of  some  work  we  did  in  the  laboratory  last  winter, 
in  which  we  varied  the  shale  content  from  zero  up  to  10% 
in  the  gravel  aggregates,  adding  shale  to  the  mixtures. 
We  mixed  the  mixtures  with  different  bituminous  ma- 
terials and  subjected  the  specimens  to  freezing  and  thaw- 
ing tests  for,  I think,  a week  or  two  weeks,  (I  don’t  re- 
call the  number  of  cycles),  freezing  at  10  degrees  below 
zero  and  then  taking  them  out  and  immersing  them  in 
water  and  thawing  them.  We  found  that  where  our  per- 
centage of  shale  exceeded  5%  we  had  considerable  dis- 
ruption of  those  samples,  and  we  also  found  that  where 
we  had  used  cutback  asphalt,  M02,  we  had  considerably 
less  rupture  of  those  samples  by  expansion  of  the  shale 
than  where  we  used  a slow-curing  oil. 

Mr.  Powers:  Thank  you,  Mr.  Swanberg. 

There  is  one  question  which  has  been  raised,  and 
that  is  the  question  of  what  we  call  a seal  coat.  Are 
any  of  you  in  the  audience  willing  to  make  any  com- 
ments on  that?  Mr.  Swanberg  spoke  a moment  ago  of 
what  he  called  a “fog”  coat.  A question  is  also  raised 
by  Mr.  Stanton  and  it  was  raised  yesterday,  as  to 
whether  or  not  sealing  should  be  done.  He  expressed 
the  opinion  that  sealing  necessarily  cut  off  capillary 
water  and  also  cut  off  water  that  might  be  vaporized 
in  the  base  and  come  into  the  oil  surface,  and  as  a 
consequence  you  might  get  destruction  of  the  base  be- 
cause of  the  concentration  of  water  which  otherwise 
might  be  evaporated  into  the  atmosphere. 

I would  like  to  have  an  expression  from  you  gentle- 
men as  to  what  you  believe  is  a seal  coat,  or  possibly,  on 
the  other  hand,  what  might  be  termed  a non-skid  coat  of 
some  kind,  whether  it  seals  or  not.  I think  we  use  the 
word  rather  loosely  and  it  doesn’t  convey  the  same 
meaning  to  all  of  us  when  we  speak  of  a seal  coat. 
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E.  B.  Lockridge : 

Indiana 


Mr.  Powers: 


I am  sure  there  is  a difference  of  viewpoint  as  to  what 
we  mean  by  a seal  coat.  For  the  purpose  of  the  paper 
I prepared,  I said  that  a seal  coat  meant  anything  from  i 
a surface  treatment  to  merely  sealing  the  surface  that  I ; 
had  been  newly  completed.  I think  any  bituminous  con- 
struction requires  at  some  stage,  either  immediately  upon 
its  completion  or  a matter  of  several  months  thereafter,  i 
a seal,  and  the  question  arises  as  to  when  does  it  cease  \ 
to  be  a seal  and  when  is  it  a surface  treatment? 

I think  the  question  raised  by  Mr.  Stanton  as  to 

the  possibilities  of  a seal  closing  in  moisture  and  denying 
its  chance  to  escape  by  evaporation  may  be  the  source 
of  trouble.  We  have  a little  evidence  of  that  in  some 
construction  we  have  done  in  Indiana  this  summer  under 
the  type  of  stabilized  gravel  course  on  our  secondary 
feeder  road  program.  We  finished  this  road,  and  naturally  ! 
a contractor  wishes  to  promote  his  work  and  get  away ; 
from  it,  and  it  happened  to  be  during  a period  when 
we  were  having  considerable  rain.  We  are  having  some 
distress  showing  on  that  road  at  this  time.  Having  looked 
into  it,  we  found  that  the  sub-soil  immediately  below 

the  stabilized  course  is  saturated,  and  is  showing  dis- 
tress through  to  the  surface  because  of  that  weakened 
condition  of  the  subgrade.  This  is  an  instance  where  prob- 
ably, if  we  had  left  the  seal  off  at  least  for  the  time 

being  our  road  would  have  stood  up  better  than  it  did 
with  the  seal. 

However,  in  Indiana  we  are  obliged  to  seal  perhaps 
more  than  in  some  states  because  we  have  such  a varia- 
tion of  temperature  in  our  winters,  freezing  and  thaw- 
ing almost  every  day,  and  because  of  that  change  in 
temperature  our  surface  has  to  be  pretty  well  tied  down 
or  we  will  have  raveling. 

Thank  you,  Mr.  Lockridge. 

There  is  another  question  that  has  been  raised  in 
connection  with  some  comments  that  I made  on  the  > 
work  of  Mr.  Mills  and  Mr.  Fahnestock  in  resurfacing  old 
pavements,  and  that  is  on  the  use  of  an  intermediate 
layer  of  material  between  an  old  pavement  and  any  : 
resurfacing  that  you  may  want  to  do.  Down  in  our 
state  it  worked  very  successfully.  The  maximum  size 
rock  we  use  is  half  inch,  and  it  is  half  inch  to  dust. 
The  usual  type  of  material  we  use  is  crusher  run  passing 
that  particular  size,  and  ordinarily  would  comply  with 
all  the  limitations  that  we  have  for  the  ordinary  dirt 
road  so  far  as  surfacing  is  concerned — liquid  limit  prob-  { 
ably  in  the  neighborhood  of  about  25,  plastic  index  prob-  : 
ably  not  to  exceed  3,  and  uniformly  graded. 

I would  like  to  know  if  there  is  anyone  who  has 


—246— 


had  any  experience  with  that  particular  type  of  con- 
struction and  whether  they  consider  it  to  be  satisfactory 
or  not. 

There  is  another  question,  since  I can’t  get  an  answer 
to  that  one : Mr.  McKesson,  in  his  paper,  has  this  to 
say:  “It  is  here  asserted  that  the  penetration  test  alone 
is  the  least  important  of  all  physical  tests  of  asphalt 
and  that  narrow  specification  limits  in  penetration  on 
any  grade  of  asphalt  are  purposeless.  With  wide  allow- 
able specification  limits,  such  as  50-100,  100-200,  200-300, 
and  300-350  penetration,  the  test  is  valuable  for  classify- 
ing asphalts  into  various  grades  by  relative  consistency.” 

He  also  goes  on  to  say  that  he  doesn’t  believe  the 
present  ductility  test  is  satisfactory  for  determining  the 
suitability  of  asphalt,  nor  is  it  suitable  to  determine  the 
eventual  ductility,  and  says  that  some  type  of  ductility 
tests  should  be  made  on  mixtures  rather  than  on  the 
asphalt  itself. 

I would  like  to  have  Mr.  Wood  comment  on  that, 
please. 

W.  H.  Wood:  I have  never  felt  that  ductility  was  a necessary  quality 

Texas  for  asphalt.  I know  that  I will  probably  strike  fire  some- 

where there,  but  I have  seen  penetration  roads  built 
out  of  roofing  asphalt  which  had  a ductility  of  around 
4.  I don’t  know  what  the  penetration  was,  but  the  ag- 
gregate on  that  job  sticks  very  satisfactorily. 

Some  time  ago  I made  a survey  of  the  use  of  liquid 
asphaltic  products  in  Texas,  consisting  of  a survey  of 
most  of  our  mileage,  particularly  in  western  Texas.  We 
found  in  this  survey  that  although  the  ductility  may 
have  been  100  or  125,  or  it  may  have  been  50  when  the 
asphalt  was  originally  put  down,  samples  taken  from  the 
jobs,  all  of  which  were  at  least  two  years  old,  brought 
into  the  laboratory  and  extracted  and  the  asphalt  re- 
covered therefrom,  showed  ductilities  varying  from  around 
25  or  30  on  up  to  110  plus,  and  that  there  was  no  direct 
relation  that  we  could  establish  between  the  ductility 
of  the  recovered  asphalt  and  the  behavior  of  the  job  in 
service.  Those  jobs  were  classified  as  “A,”  “B,”  “C,” 
and  “D”,  depending  on  whether  they  were  satisfactory 
or  not. 

We  have  always  run  ductility  tests.  We  have  argued 
with  lots  of  people  and  with  ourselves  as  to  whether 
they  have  any  connection  with  the  adhesiveness  of  the 
asphalt.  Personally,  I don’t  think  that  that  is  the  case. 
We  know  that  the  asphalt  does  lose  penetration  and  in 
some  cases  it  does  lose  ductility  in  service. 

We  also  ran,  in  that  series,  reclaimed  samples  on  each 
of  those  cars  of  asphalt  represented  by  each  of  those 
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samples.  We  found  that  in  storage  in  half-gallon  cans  the 
characteristics  had  changed  very  little  during  a period 
of  as  much  as  three  and  one-half  years,  which  is  the 
maximum  time  we  kept  the  samples. 

I want  to  say  again  that  I don’t  think  ductility 
is  necessarily  an  indication  of  quality.  We  specify  one, 
but  simply  because  we  don’t  know  what  else  to  specify. 
I think  you  are  all  familiar  with  the  fact  that  we  have 
no  quality  specifications  whatever  for  asphalt  anyhow. 
We  merely  describe  the  product  that  we  have  been  using 
in  the  past  and  feel  that  if  we  get  material  that  has 
the  same  general  characteristics  we  probably  will  get 
the  same  general  behavior.  One  probably  will.  It  is 
going  to  depend  on  how  you  use  it  as  to  what  kind 
of  results  you  get,  anyhow.  I think  the  biggest  challenge 
we  have  is  to  know  what  asphalt  is  supposed  to  do,  what 
it  actually  does  in  the  job. 

We  in  that  survey  found  that  there  was  no  relation 
at  all  between  the  classification  given  the  jobs  and  the 
time  of  the  year  in  which  they  were  put  down,  yet  we 
are  firm  believers  in  putting  asphalt  down  during  “cot- 
ton” weather.  We  think  if  it  is  hot  enough  to  be  good 
for  a cotton  crop  it  ought  to  be  good  for  putting  down 
asphalt  also.  However,  a lot  of  jobs  put  down  in  the 
winter  time  came  out  with  as  good  a classification  as 
those  put  down  in  the  summer  time. 

In  addition  to  that  you  find  material  being  shipped 
simultaneously  from  the  same  plant  and  going  to  dif- 
ferent jobs  will  result  in  classifications,  some  of  which 
are  quite  satisfactory  and  others  of  which  are  unsatis- 
factory. As  I told  one  plant  chemist,  I didn’t  think  they 
were  smart  enough  to  separate  the  cars.  I thought  the 
asphalt  going  out  to  the  various  jobs  was  all  of  the 
same  quality,  whether  good  or  bad;  yet  the  resulting 
quality  was  of  wide  variation,  all  under  the  same  specifi- 
cation so  far  as  construction  was  concerned. 

That  is  not  an  indictment  of  engineering ; it  is  some 
factor  in  the  , construction  of  an  inverted  penetration  jot 
which  was  being  largely  overlooked  in  construction,  and 
that  is,  of  course,  whether  or  not  it  is  going  to  invert.  We 
don’t  know.  If  it  does,  it  will  make  a good  job  and  not 
have  to  be  sealed.  If  it  does  not,  it  will  probably  ravel 
on  top  and  it  will  have  to  be  sealed  eventually. 

In  connection  with  sealing,  I was  very  much  inter- 
ested in  what  Mr.  Stanton  had  to  say  about  the  fact 
that  open-graded  mixes  and  even  dense-graded  mixes 
would  pass  water  vapor  from  the  base  in  sufficient 
amounts  to  affect  the  quality  of  the  base.  We  have  a 
large  mileage  in  our  state  of  inverted  penetration  asphalt. 
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and  a few  other  hot  mixed  types,  all  of  which  we  feel 
are  highly  impervious  to  moisture.  In  most  of  our  penetra- 
tion jobs,  particularly  those  which  did  not  invert  sufficient- 
ly to  keep  the  moisture  from  the  seal  coat,  we  found 
we  had  moisture  in  the  bottom  of  the  mat  from  one- 
eighth  to  a quarter  of  an  inch  thick. 

I don’t  think  it  is  possible  for  water  vapor  to  go 
through  the  asphalt  mat.  If  it  is  possible,  however,  to 
build  a cold  mix  mat  which  will  permit  the  passage  of 
some  water  vapor,  enough  to  have  an  appreciable  effect 
on  the  base  course  material,  I personalty  will  be  very 
much  interested  in  finding  out  that  fact,  because  we  do 
have  borderline  materials  that  we  use  for  base  courses 
and  we  realize  that  without  a surface  course  that  base 
course  would  behave  satisfactorily  so  far  as  stability 
is  concerned,  but  probably  upon  being  covered  by  an 
impervious  surface  we  quite  often  accumulate  enough 
moisture  to  render  the  base  instable. 

If  it  is  possible  to  design  a mat  which  will  let 
enough  water  vapor  out  to  keep  it  from  concentrating 
so  that  the  base  loses  stability,  I am  personalty  going  to 
look  into  it.  I am  interested  in  it. 

Thank  you,  Mr.  Wood. 

Are  there  any  other  comments?  We  still  have  a few 
moments  more,  so  far  as  the  time  allotted  to  us  is  con- 
cerned, and  if  there  is  any  other  subject,  we  can  dis- 
cuss it.  We  have  pretty  well  covered  the  subject  so  far 
as  I am  concerned  as  chairman  of  this  section,  and  un- 
less there  are  other  comments  that  you  fellows  would 
like  to  make  in  connection  with  the  papers  yesterday 
or  the  papers  today. 

I want  to  ask  a question,  and  if  you  want  to  leave, 
just  don’t  answer  it  and  we  will  be  through  right 
quick. 

We  have  in  the  State  of  Texas  a large  mileage  of 
roads,  concrete  and  of  asphalt  for  instance,  that  were 
built  on  bases  that  are  probably  in  most  cases  about 
a foot  wider  than  the  surface.  We  are  confronted  with 
a proposition  of  shouldering  those  jobs  economically.  We, 
of  course,  can  go  in  there  and  dig  out  a trench  or  dig 
the  whole  top  of  the  road  off,  or  build  another  job  be- 
side it  and  call  it  a shoulder.  That  is  a pretty  expensive 
prosposition.  We  want  to  find  some  way  of  stabilizing 
the  soil  material  which  lies  adjacent  to  the  edge  of  the 
existing  base,  whether  it  be  the  concrete  slab  itself  or 
the  base  of  the  asphalt  road. 

There  are  two  reasons  for  that.  One  is  to  provide 
some  transition  from  the  present  surface  to  the  outer 
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shoulder,  and  the  other  is  to  provide  an  impervious 
blanket  which  will  tend  to  keep  the  moisture  content 
more  constant  under  the  existing  pavement,  both  of  which 
are  desirable  characteristics. 

We  hear  a good  deal  about  stabilization  out  of  the 
state.  All  that  we  have  been  able  to  find  out  about  so 
far  has  been  about  stabilization  of  sand  or  gravel  ma- 
terials. If  any  of  you  have  had  experience  in  stabilizing 
clay  with  any  kind  of  asphalt  materials  I would  like 
to  hear  you  discuss  it.  I see  some  grins  around  the‘ 
audience.  I am  serious.  We  have  lots  of  that  stuff  and 
we  really  want  to  do  something  with  it,  without  just 
hauling  it  off  the  road  and  having  to  replace  it,  and 
I think  the  rest  of  you  probably  have  quite  a lot,  too. 
If  any  of  you  have  had  experience,  positive  or  negative, 
on  a design  of  mix  for  use  with  A-6  or  A-7  materials, 
we  would  like  to  get  an  expression  from  you. 

Thank  you  again,  Mr.  Wood.  You  gentlemen  have  heard 
the  question  he  has  propounded  to  you.  I personally  would 
like  to  have  some  answers  myself. 

Mr.  MeLeod,  can  you  give  us  any  information? 

That  is  a question  I would  like  to  hear  answered  myself. 
Certain  chemical  treatments  have  been  proposed,  but  these  i 
have  not  yet  received  the  practical  field  tests  required  I 
to  prove  their  utility. 

Shreve  Clark,  have  you  an  answer? 

Our  experience  has  not  covered  a sufficient  period  of 
time.  We  have  about  six  miles  of  roadway  consisting  of 
A-7,  A-4,  and  A-2  soils,  two  miles,  consisting  of  A-7  and 
A-4  stabilized  with  about  9%  of  Portland  cement.  We 
obtained  between  eight  and  nine  hundred  pounds  per 
square  inch  on  cylinders  from  this  work.  This  section 
was  stabilized  with  13%  and  17%  moisture  and,  of 
course,  is  showing  some  cracking,  but  we  are  putting 
on  a surface  treatment  and  only  time  will  tell  how 
long  it  will  stand  lip  under  traffic. 

We  also  stabilized  a two  mile  section  with  a tar, 
RT-4,  using  14%  of  moisture  and  5 to  6%  of  tar.  That 
section  is  cracking  rather  badly  and  is  not  very  satis- 
factory. We  stabilized  a third  section  about  two  miles 
long,  using  3%  of  moisture  and  6 to  7%  of  MC-2,  which 
is  showing  up  much  better.  This  mix  was  designed  for 
maximum  stability  rather  than  minimum  density ; there- 
fore, the  results  seem  much  better  due  to  the  low  shrink- 
age. All  sections  will  receive  a bituminous  treatment. 
Only  time  will  tell  if  these  types  of  stabilization  of  A-7 
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soil  will  prove  successful.  We  have  many  miles  of  this 
material  and  will  have  plenty  of  experience  with  it  in 
the  next  few  years. 
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May  I ask  you  a question  before  you  are  seated?  How 
thick  did  you  treat? 


Six  inches. 

In  each  case? 

In  each  case.  There  are  both  cuts  and  fills  on  the  A-7 
soil  sections.  It  is  fairly  uniform.  This  work  is  in  a 
county  where  practically  the  entire  county  is  of  that 
type  of  soil,  with  a high  silt  content.  The  clay  content 
is  not  so  very  high,  but  the  silt  content  is.  The  maximum 
size  of  the  sand  is  20  mesh,  and  the  amount  passing 
the  200  mesh  is  40  to  50 %.  When  it  gets  wet  there  is 
no  bottom,  and  it  also  is  very  slippery.  Therefore,  we 
are  trying  out  various  forms  of  stabilzation  to  see  which 
is  best  for  that  particular  road. 

May  I ask  another  question?  Do  you  know  anything  about 
the  characteristics  of  the  MC  you  used,  whether  is  was 
positive  or  negative? 

No. 


Before  you  continue  any  further,  Mr.  Wood  wants  to 
ask  you  a question. 

Did  you  say  your  MC  section  has  been  surfaced  or  is 
to  be  surfaced  ? 

It  is  to  be  surfaced.  It  is  probably  surfaced  by  this 
time. 

You  will  probably  find  out  very  quickly  whether  it  is 
any  good. 

We  will  probably  find  out  a lot  of  things  in  the  next 
couple  of  years. 

The  type  of  soil  Mr.  Wood  and  I have  in  mind  would 
run  probably  75  to  90%  minus  200,  instead  of  30%. 

Are  there  any  other  questons? 

Mr.  Stoddard  discussed  stabilized  bases,  and  I would 
like  to  know  what  method  they  use  for  determining  the 
amount  of  soil  binders  to  use  so  as  to  predetermine  what 
the  strength  will  be  in  the  base. 

The  amount  of  soil  is  determined  by  the  grading  of  the 
material  and  the  plasticity  index  you  are  trying  to  get 
from  the  material  passing  the  40-mesh  sieve  in  the  tmal 
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mixture.  When  we  first  started  building  those  roads  we 
were  using  a P.  I.  of  around  8 to  15,  I think  was  the 
range  of  the  specification.  The  Bureau  now  asks  us  to 
work  between  zero  and  6,  and  we  think  that  somewhere 
between  about  4 and  10  would  be  about  all  right.  We 
have  a few  roads  with  a fairly  high  plasticity  index 
which  were  laid  in  1934  and  still  seem  to  be  giving 
perfectly  satisfactory  service.  There  is  an  experimental 
road  in  Cass  County  about  ten  miles  long  in  which 
we  have  a soil  that  I guess  can  be  classed  as  A-7,  that 
has  about  80%  passing  the  200-mesh,  on  which  we  have 
constructed  experimental  sections.  One  of  them  is  treated 
with  tar,  another  with  MC,  another  with  SC.  There  is 
also  a section  of  cement  stabilization  on  that  same  road, 
and  there  are  sections  of  base  with  soil  aggregate  mix- 
tures. Those  have  all  given  fairly  stable  bases.  There  is 
also  a section  with  an  emulsion  as  a stabilizing  agent. 
The  sections  were  surfaced  this  year  and,  as  with  Mr. 
Clark,  in  time  we  will  know  better  what  happened  to  them. 

In  connection  with  the  emulsion,  it  was  laid  very 
late  in  the  fall  and  retained  practically  all  it's  moisture 
until  early  in  the  spring,  at  which  time  it  looked  very 
good  at  first,  but  it  began  to  develop  some  cracks  in 
the  surface  as  the  stuff  started  to  dry  out.  That  was 
before  the  final  surface  was  put  on.  The  last  time 
I saw  it,  it  showed  a little  bit  of  tendency  to  be  a little 
soft  because  apparently  it  had  not  got  rid  of  enough 
moisture,  but  other  than  that  the  rest  of  the  surfaces 
all  look  good;  we  can  tell  better  later. 

Are  there  any  further  comments  in  connection  with 
stabilization  or  any  of  the  subjects  that  we  have  covered? 
Are  there  any  questinos? 

We  have  had  considerable  discussion  in  Minnesota,  par- 
ticularly with  the  Bureau  of  Public  Roads,  in  which  the; 
question  has  come  up  as  to  what  effect  the  use  of  calcium 
chloride  admixture  in  a clay  stabilized  gravel  would 
have  on  the  penetration  of  the  bituminous  material.  Based 
on  our  own  experience,  from  observations  in  the  field, 
apparently  there  isn’t  much  of  any  effect  of  the  calcium! 
chloride  on  the  penetration  of  bituminous  material. 

I xvould  appreciate  very  much  receiving  any  thoughts! 
that  anyone  might  have  as  to  what  effect,  if  any,  the: 
calcium  chloride  admixture  will  have  on  the  penetration 
and  possibly  the  durability  of  that  bituminous  material. 

Do  you  not  penetrate  a year  later?  Is  it  done  the  same 

year? 

Yes. 
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We  have  two  sections  of  stabilized  base,  one  with  calcium 
chloride  used  as  an  admixture  and  the  other  without.  They 
are  contiguous  to  each  other  and  made  from  the  same 
aggregates,  except  the  calcium  chloride.  Tar  prime  was 
used  and  the  penetration  was  good.  The  prime  was  put 
on  late  last  fall  and  there  was  no  peeling.  The  road  went 
through  the  winter  on  the  prime  only.  We  had  rather 
severe  peeling  this  spring  on  the  calcium  chloride  section 
and  it  was  necessary  to  do  considerable  repairing  before 
the  surface  treatment  was  put  on. 

Dr.  Winterkorn,  could  you  add  anything  to  that,  please? 


Personally,  I could  not  say  much  about  the  penetration, 
but  I could  add  a few  remarks  on  the  change  of  the 
affinity  of  the  soil  for  bitumen  by  treatment  with  dif- 
ferent salt  solutions  like  calcium  chloride,  sodium  chloride, 
barium  chloride,  magnesium  chloride,  and  so  on.  We  used 
eight  different  chlorides  and  then  washed  out  the  excess 
of  the  salts  so  that  in  the  main  we  had  ionic  exchange. 

But  on  the  other  hand,  there  always  will  be  a cer- 
tain amount  of  salt  or  calcium  chloride  left  in  there 
which  probably  resembles  the  condition  in  that  road,  say 
a week  or  two  after  the  calcium  chloride  has  been  applied. 

We  have  found  that,  in  general,  calcium  does  not 
change  very  much  the  affinity  of  the  soil  for  bitumen, 
either  in  a good  or  in  the  bad  direction.  With  some 
northern  soils  it  increases  the  affinity;  with  other  north- 
ern soils  it  decreases  it  slightly.  With  other  salts,  as 
with  soduim  chloride,  we  found  a definite  decrease  of 
the  affinity.  With  salts  like  aluminum  chloride  and  iron 
chloride  we  found  a definite  increase  of  affinity. 

This  whole  investigation,  which  comprised  six  soils 
from  various  regions  of  the  United  States  and  two  soils 
from  the  Argentine,  eight  ionic  treatments,  and  eighteen 
different  asphaltic  materials  and  five  different  tars,  was 
quite  involved  and  we  spent  about  four  years  on  it.  It 
will  be  available  by  the  end  of  the  year,  so  if  you  want 
to  study  it,  it  might  be  worth  while  to  do  so,  because 
of  the  possible  effect  of  calcium  chloride  or  sodium 
chloride  treated  bases  or  other  treatments.  1 think  you 
might  look  forward  to  it  by  the  beginning  of  next 
year,  when  it  will  be  available. 


From  actual  experience,  the  presence  of  calcium  chloride, 
sodium  chloride,  or  sodium  sulphate  in  stabilized  gravel 
mixtures  in  Saskatchewan  has  had  no  apparent  influence 
upon  the  penetration  of  primes  into  the  surfaces  into 
which  these  admixtures  were  incorporated.  During  the 
months  of  May,  June,  and  July,  the  average  relative  hu- 
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midity  in  Saskatchewan  is  quite  low,  and  calcium  chloride 
applied  even  at  the  rate  of  two  tons  per  mile  per  week 
has  been  entirely  ineffective  for  maintaining  the  road 
surface  in  a damp  state. 

Mr.  Powers:  Are  there  any  other  comments?  It  is  within  a few  mo- 

ments of  the  time  we  are  supposed  to  adjourn  so,  gentle- 
men, if  that  is  all,  we  now  stand  adjourned. 
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In  undertaking  to  write  this  paper,  I am  not  presuming  that  the 
subject  of  Seal  Coats  would  be  considered  first,  of  the  fundamentals  of 
Bituminous  Construction.  However  I believe  that  it  is  one  of  the  most 
neglected  and  overlooked.  Particularly  do  I think  this  is  the  case  in  County 
work,  but  it  also  applies  in  less  measure,  m all  construction  work  of 
various  types  of  bituminous  surfaces,  in  the  Central  and  Middle  Western 
States.  It  seems  to  be  like  the  weather,  much  talked  about,  but  little  done 

about  it 

I do  not  presume  that  I will  say  anything  new  as  all  of  these  points 
have  previously  been  discussed  by  able  writers,  so  it  is  likely  that  1 
will  only  restate  what  has  previously  been  brought  out,  with  the  wish 
that  this  very  important  fundamental  will  receive  more  attention. 


A very  common  Seal  Coat  in  this  section  is  found  where  the  surface 
is  constructed  by  using  stone  of  % inch  maximum  size  and  apply  about 
10  pounds  per  square  yard  of  % inch  maximum  stone  claps  and  compress 
into  the  voids  made  by  the  larger  stones,  without  any  additional  bitumi- 
nous material  being  added  to  the  smaller  chips  or  surface.  Often  times  in 
using  aggregate  of  % inch  maximum,  the  road  is  simply  rolled  with  no 
further  sealfng  attempted,  in  either  case  leaving  an  entirely  too  open  a 

surface. 

The  particular  Seal  Coat  I would  like  to  speak  of  is  with  road  mix 
type,  using  aggregate  of  the  following  size:  Aggregate  For  Seal 

Per  Cent  by  Weight 

....  . ...  100% 

Passing  i/2  mch  sieve  - - - 90.]00% 

Passing  % inch  sieve  o 

Passing  No.  10  sieve  ^ 

Passing  No.  200  sieve  


or  preferably  size : 

Passing  % inch  sieve  - — - 

Retained  on  No.  3 sieve,  not  more  than 

Retained  on  No.  10  sieve  

Passing  No.  40  sieve  

Cutback  Asphalt  - - 


100% 

15% 

2o-45% 

71/2-171/2% 

3-5% 


d rolling  to  a very  compact  mat,  and  after  traffic  has  kneaded  this 
rface  for  at  least  10  days,  make  the  following  application: 
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First  be  sure  that  all  foreign  and  loose  material  is  swept  from  th 
surface,  then  apply  not  to  exceed  15/100  of  a gallon  of  Bituminous  Materia 
(preferably  one  of  the  emulsified  asphalts)  per  square  yard  and  if  the  fine 
grade  of  stone  is  used,  1/10  gallon  will  be  ample,  and  cover  immediately 
with  sand  to  the  amount  of  10-15  pounds  per  square  yard  or  more  i 
the  voids  will  hold  it.  In  sections  where  refuse  sand  from  gravel  plants  if 
available  this  refuse  sand  will  serve  the  purpose  making  this  additiona 
sealed  coat  very  inexpensive,  yet  it  accomplishes  the  following  purposes 

(a)  First  it  makes  a surface  as  near  water  proof  as  possible.  While 

I realize  water  in  itself  is  not  so  detrimental  to  bituminous  surfaces,  yet 

in  middle  and  northern  states  often  times  these  surfaces  are  saturated  with 
water  in  freezing  weather.  This  freezing  of  water  within  a porous  mat 
is  very  destructive  causing  the  pushing  apart  of  the  aggregate  and  caus- 
ing it  to  peel  and  ravel.  This  sealing  against  water  has  often  times  beenj 
considered  very  important  to  the  extent  that  excess  crowns  have  been 
used  to  assist  in  water  proofing  the  surface.  However  it  is  one  of  the 
least  destructive  elements  in  itself  unless  in  sections  where  sleets  and 
sudden  freezing  would  occur. 

(b)  It  gives  a sandpaper  finish  which  is  according  to  Professor  R. 

A.  Moyer  of  Iowa  State  College  in  his  report  on  “ Skidding  Characteristics”! 

the  nearest  skid-proof  surface  that  can  be  constructed.  This  feature  alone 
has  been  coo  often  overlooked.  Many  have  held  to  the  false  idea  that  the 
rough  surfaces  were  skid-proof  but  by  the  very  extensive  research  work 
made  by  Professor  Moyer,  it  has  been  definitely  proven  that  of  all 
types  of  bituminous  surfaces  the  sandpaper  finish  is  the  most  desirable 
and  the  nearest  non-skid  surface  to  construct.  It  also  gives  a smooth 
easy  riding  surface  eliminating  the  roar  in  cars  that  so  often  is  the  case! 
with  a rough  surface. 

(c)  Third  and  by  far  the  most  important  reason  for  a properly  sealed 
coat  is  to  make  them  as  impermeable  to  air  as  possible  and  thus  prevent 
circulation  of  air  within  the  mixture.  The  worst  enemy  and  the  most 
destructive  factor  of  the  natural  forces  to  bituminous  surfaces  is  air.  This 
sealing  against  the  circulation  of  air  within  the  mat  has  been  very  much 
neglected,  in  many  cases  through  a lack  of  information.  In  fact  in  the 
construction  of  many  surfaces  where  all  other  fundamentals  have  been 
closely  followed,  then  to  leave  an  open  porous  top  is  like  building  a house 
forgetting  the  roof.  Air  oxidizes  the  film  of  asphalt  surrounding  the  particles 
of  aggregate  causing  it  to  dry  out,  harden,  and  become  brittle  and  lifeless. 
By  the  elimination  of  air,  little  or  no  hardening  should  take  place  after 
construction  or  at  least  the  hardening  process  is  eliminated  to  the  greatest 
possible  degree.  This  is  true  in  all  types  of  bituminous  surfaces  and  offers 
an  explanation  for  the  hard  brittle  condition  of  many  open  texture,  low 
cost  bituminous  surfaces  after  a short  period  of  service  and  this  can  in 
many  cases  be  prevented  by  proper  Seal  Coat. 

In  conclusion  I will  say  that  too  much  emphasis  can  not  be  placed 
on  the  elimination  of  air  within  our  bituminous  mats,  add  to  this  the  non- 
skid  surface  for  the  small  additional  cost  of  l./lOth  of  a gallon  of 
bituminous  material  with  a liberal  application  of  cheapest  sand  and  I 
am  convinced  it  is  a good  investment. 
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interdependence  of  Sub-Base,  Base  and  Surface  in  the 
Design  of  Bituminous  Pavements 

By 

W.  J.  EMMONS, 

Associate  Professor  of  Highway  Engineering, 

University  of  Michigan 
Ann  Arbor,  Michigan 

A paper  on  this  subject  almost  inevitably  must  begin  with  the  trite 
statement  that  all  traffic  loads  are  carried  by  the  subgrade.  The  state- 
ment is  certainly  overworked,  but  its  significance  is  too  often  overlooked. 
Whatever,  in  the  nature  of  base  and  surface,  is  laid  serves  primarily  to 
iistribute  the  load  over  the  subgrade.  If  the  ability  of  the  superstructure 
to  distribute  the  load  is  adequate  all  will  be  well;  if  inadequate,  failure 
will  result. 

Thus,  whether  or  not  it  is  consciously  recognized  in  designing  a road, 
the  load  carrying  capacity  of  the  subgrade  is  always  taken  into  account, 
for  no  one  deliberately  designs  a road  for  failure.  It  is  true  that  cases  are 
often  cited  of  roads  of  the  lightest  and  cheapest  construction  which  success- 
fully carry  traffic.  The  stories  of  their  serviceability  have  been  told  in 
awestruck  tvnes  as  being  outside  the  realm  of  explanation.  Instances 
of  such  surprising  behavior  do  exist,  but  should  not  be  regarded  as 
supernatural  phenomena.  Road  builders  deal  with  forces  and  materials 
which  behave  in  accordance  with  the  principles  of  mechanics.  According 
to  the  laws  of  statics  the  condition  of  equilibrium  is  attained  only  when 
applied  loads  are  resisted  by  other  forces  equal  in  magnitude  and  opposite 
in  direction.  If  a road  does  not  fail  under  the  loads  of  traffic  equilibrium 
exists.  The  apparent  sweet  mystery  of  success  is  due  to  the  normal  func- 
tioning of  factors  and  conditions  which  are  not  recognized  or  understood. 

The  natural  soil  subgrade  is  common  to  all  roads,  but  all  soils  are 
not  the  same.  All  possess  bearing  capacity  to  some  degree,  depending  upon 
composition,  texture,  etc.,  and  also  upon  the  amount  of  water  which  they 
contain.  Clays  and  silts,  the  most  troublesome  soils,  decline  rapidly  in  sup- 
porting power  with  increases  in  moisture  content  up  to  the  point  of  satura- 
tion. Thus  it  seems  that  the  soil  constituting  the  subgrade  should  receive 
the  careful  attention  of  the  designer  before  bases  and  surfaces  are  con- 
sidered. 

This  line  of  action  is  being  followed  in  many  states  and  the  soil 
survey  is  destined  to  become  as  much  a matter  of  routine  as  the  line  sur- 
vey. Michigan  is  one  of  the  pioneers  in  this  movement  and  has  adapted 
the  U.  S.  Bureau  of  Chemistry  and  Soils  agricultural  classification  of  soil 
types  to  highway  uses.  Plans  designate  the  nature  and  extent  of  the 
various  soil  types  along  the  proposed  route.  Each  type  has  its  typical 
profile  with  varying  textures,  drainage  characteristics,  height  of  water 
table,  etc.  With  this  information  at  hand,  designing  engineers  are  able 
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to  prescribe  drainage  where  it  will  be  effective  and  to  establish  the  local 
tion  and  grade  so  that  most  favorable  soil  conditions  will  prevail. 

Although  this  is  a long  step  in  the  right  direction  the  information  ob  J 
tained  from  the  soil  survey  is  qualitative  rather  than  quantitative.  Ex 
perience  still  is  the  guide  in  determining  the  extent  to  which  the  subgradd 
may  be  depended  upon.  Subgrade  bearing  capacity  has  been  roughly  esti 1 
mated  in  the  past  for  design  purposes,  but  until  lately  few  serious  at- 
tempts have  been  made  actually  to  measure  it  and  determine  the  additional 
resistance  required  to  carry  traffic  loads. 

Published  articles  on  flexible  road  design  by  Hawthorn  of  the  Uni- 
versity of  Washington  and  Housel  of  the  University  of  Michigan  have  at- 
tracted a great  deal  of  attention.  The  former  experimentally  derives  a 
shearing  angle  for  the  surfacing  layer  which  defines  a circle  on  the 
subgrade  over  which  the  load  is  assumed  to  be  distributed  uniformly.  This 
angle  varies,  as  consequently  does  the  circle  on  the  subgrade,  with  the! 
material,  the  thickness  of  surfacing  layer,  and  the  nature  of  the  subgrade. 
Hawthorn  seems  to  have  worked  with  intensities  of  load  smaller  than 
those  which  cause  failure,  for  it  is  well  known  that  at  higher  magnitudes, 
approaching  the  limit  of  resistance  of  the  road  structure,  there  is  a con- 
centration of  stress  in  the  region  directly  under  the  area  of  application. 

1 his  region  is  called  the  central  column  by  Housel,  who  pictures  fail- i 
ure  as  occurring  when  the  combined  shearing  resistance  of  the  surface! 
layer  and  the  subgrade  around  the  surface  of  the  central  column  is  ex- ! 
ceedecl.  At  this  moment  the  ability  of  the  materials  to  extend  the  distribu- 
tion over  an  area  greater  than  the  loaded  area  ceases,  and  failure  occurs  ] 
by  punching  shear.  The  validity  of  this  analysis  of  the  mechanics  of 
flexible  roads  at  the  time  of  failure  apparently  has  been  substantiated  bv  j 
field  tests  by  the  Michigan  State  Highway  Department.  Plant  mixed  sur- 
faces of  the  graded  aggregate  type  constructed  over  existing  gravel  roads 
on  both  clay  and  sand  subgrades  were  tested  to  failure  by  means  of 
loaded  bearing  plates.  Likewise  on  adjacent  areas  the  uncovered  gravel 
base  and  the  subgrades  were  tested. 

It  seems  quite  certain  that  by  this  method  the  thickness  of  courses 
above  the  subgrade  necessary  to  support  known  loads  can  be  rather  definitely 
calculated  by  the  application  of  a simple  formula  based  on  the  properties 
of  the  materials  in  question.  The  strengths  in  shear  of  the  subgrade  and 
of  the  superimposed  courses  must  be  known.  Obviously  the  subgrade 
should  be  investigated  in  its  least  resistant  condition  which,  for  plastic 
soils,  implies  the  highest  moisture  content  which  it  is  likely  to  contain. 

The  selection  of  the  number  and  type  of  courses  to  be  constructed 
to  supplement  the  strength  of  the  subgrade  depends  upon  considerations 
of  economics.  Stabilized  soil,  gravel,  crushed  stone  or  bituminous  mixtures 
may  be  used  individually  or  in  combination.  Naturally  the  surface  is 
likely  to  be  bituminous  as  insurance  against  water  entrance  as  ivell  as  to 
resist  traffic  wnar.  Little  information  regarding'  the  shearing'  resistances 
of  surface  and  base  mixtures  can  be  given  at  present,  although  it  is  not 
particularly  difficult  to  develop  in  connection  with  any  proposed  type  of 
construction.  The  Michigan  field  tests  indicated  shearing  strength  *of  be- 
tween 36  and  45  pounds  per  square  inch  for  a superimposed  layer  made  up 
of  5 inches  of  compacted  gravel  and  3 inches  of  graded  aggregate  type 
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Surface.  The  shear  strength  of  the  clay  subgrade  was  by  test  determined 
o be  4.5  pounds  per  square  inch  but  appeared  to  be  considerably  in- 
reased,  perhaps  to  6 or  7 pounds  per  square  inch,  due  to  the  resistance 
o displacement  of  the  gravel  and  bituminous  courses  above  it. 

It  is  important  to  note  that  the  required  thickness  of  base  or  surface 
•ourses  is  dependent  upon  the  shear  strength  of  the  mixture  of  which  they 
ire  composed.  With  any  mixture  or  aggregation  of  particles  shear  strength 
ncreases  with  the  intimacy  of  contact  or  interlocking  of  adjacent  particles, 
therefore,  careful  gradation  in  design  and  maximum  compaction  in  con- 
struction are  decidedly  advantageous. 

Roads  of  the  flexible  types  have  been  built  and  have  carried  traffic 
?or  many  years  without  more  than  a superficial  knowledge  of  subgrade 
conditions  or  of  the  structural  characteristics  of  the  base  and  surface 
courses.  Many  others  doubtless  will  be  so  built  in  the  future.  It  is  natural 
o ask  whether  it  is  necessary  to  attempt  as  careful  design  as  seems  pos- 
sible in  the  near  future,  or  even  now.  Is  it  practical  to  vary  the  thickness 
)f  base  or  surface  from  place  to  place  in  accordance  with  variations  in  the 
supporting  value  of  the  subgrade?  Is  the  adoption  of  a method  of  design 
ikely  to  result  in  marked  economy? 

It  is  hazardous  to  answer  such  questions  categorically.  It  must  be 
recognized  that  the  trial  and  error  method  has  worked  more  or  less  suc- 
cessfully with  flexible  types  which  can  be  thickened  or  subjected  to  ex- 
tensive repair  over  those  areas  which  service  demonstrates  are  inadequate. 
It  probably  would  be  uneconomical  to  vary  the  thickness  every  few  hundred 
feet,  but  careful  subgrade  investigation  should  indicate  the  existence  of 
subgrade  which  is  below  the  average  in  supporting  capacity  and  afford 
the  opportunity  to  correct,  by  drainage  or  otherwise,  such  areas  before 
base  and  surface  construction  begins. 

Whether  or  not  savings  in  first  cost  can  be  made  will  depend  upon 
present  design  standards  and  local  subgrade  conditions.  Observation  leads 
the  writer  to  feel  that  over  clay  subgrades  present  practice  in  many 
localities  is  to  construct  flexible  type  roads  which  are  dangerously  close 
to  the  minimum  requirements  for  bearing  capacity.  In  such  cases  this 
situation  would  be  clearly  indicated  by  the  evaluation  of  subgrade  bearing 
capacity  which  would  probably  lead,  in  future  design,  to  the  application 
of  a reasonable  factor  of  safety  in  base  and  surface  requirements.  This 
would  probably  increase  construction  costs,  but  maintenance  should  be  ma- 
terially reduced  and  the  road  should  be  more  satisfactory  from  a service 
standpoint. 

On  the  other  hand,  there  is  evidence  such  as  the  occasional  spectacular 
performance  of  extremely  thin  surfaces  that  general  practice  may  tend 
toward  over-design  in  the  case  of  superior  subgrades  confined  by  base  and 
surface  courses.  Such  subgrades  have  been  found  to  possess  a bearing 
capacity  several  times  that  of  clay  subgrades.  Assuming  the  same  types 
of  surface  and  base  courses  and  the  same  traffic  loads,  it  is  obvious 
that  less  thickness  is  required  and  savings  can  safely  be  made. 

There  are  possibilities  of  economic  advantage  in  the  application  of 
definite  knowledge  of  the  strength  characteristics  of  subgrade  and  flexible 
type  mixtures,  but  these  are  incidental  to  the  rational  treatment  of  any 
specific  set  of  conditions  which,  as  in  other  fields,  may  be  called  balanced 
design. 
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Premix  Seal  Coats  and  Light  Surface  Coating  of 
the  Graded  Aggregate  Type 
By 

T.  V.  FAHNESTOCK, 

Bituminous  Engineer, 

North  Carolina  State  Highway  and  Public  Works  Commission 
Raleigh,  North  Carolina 

The  subject  of  premix  seal  coats  is 
one  of  particular  significance  to  highway 
engineers  at  this  time  as  a large  mileage 
of  rigid  type  pavement  constructed  during 
the  twenties  has  reached  the  point  where 
some  resurfacing  is  essential  to  provide 
protection  against  the  ravages  of  traffic 
and  weather. 

In  addition  to  this  large  field  there  is 
no  doubt  that  premixed  material  has  cer- 
tain advantages  for  use  on  low  cost  roads 
both  as  a seal  on  new  work  and  for  re- 
surfacing. 

North  Carolina  with  4,500  miles  of  sur- 
face treatment  on  soil  type  or  macadam 
bases,  1,200  miles  of  low  cost  bituminous 
mix  pavement  which  is  hot  and  cold  sand 
asphalt,  and  900  miles  of  bituminous  con- 
crete, has  a maintenance  problem  of  con- 
siderable magnitude.  It  is  this  large  mileage  of  bituminous  pavement  which 
makes  it  essential  that  the  resurfacing  work  done  be  designed  to  protect 
the  investment  at  the  lowest  possible  cost. 

It  is  recognized  that  premixed  plant  materials  are  usually  prefer- 
able to  road  mix  methods  for  resurfacing  but  the  cost  of  the  plant  mix 
material,  which  is  usually  at  least  twice  as  much  per  ton  as  road  mix, 
has  precluded  the  use  of  plant  mix  for  resurfacing  to  any  large  extent 
in  North  Carolina. 

The  writer  believes  that  with  more  efficient  mixing  plants  and  im- 
proved spreading  devices  the  price  margin  can  be  greatly  reduced  and  that 
premixed  material  will  be  used  more  than  in  the  past. 

Among  the  plant  mix  types  which  have  been  successfully  used  is 
Downard  Rock  Asphalt  or  Crown  Rock,  J Type.  The  methods  used  in 
preparing  this  mix  consist  of  blending  a mixture  of  aggregate  and  oxidized 
asphalt,  Avhich  has  been  chilled  after  mixing,  with  a mixture  of  aggregate 
and  asphalt  flux,  oil  asphalt  or  fluxed  Bermudez  asphalt.  The  mixture 
is  completed  by  combining  the  two  mixes  in  approximately  equal  propor- 
tions in  a separate  mixer  or  blender.  This  material  can  be  readily  spread 
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after  storing  for  an  indefinite  period  of  time  and  is  workable  even  in 
cool  weather.  Very  satisfactory  results  have  been  obtained  by  laying  as  I 
little  as  50  pounds  of  this  material  per  square  yard,  both  for  resurfacing 
old  roads  and  as  a seal  on  new  surface  treatment. 

One  of  the  most  economical  plant  mix  types  which  is  used  in  North  i 
Carolina  is  hot  mix  sand  asphalt.  This  material  is  now  being  used  to 
widen  and  resurface  old  sand  asphalt  and  asphaltic  pavements,  twenty  fi 
miles  of  this  work  having  been  completed  during  the  early  part  of  this ■ l 
year. 

The  attached  typical  section  illustrates  the  method  of  widening  and 
superelevaFng  curves.  The  construction  procedure  on  this  work  is  as 
follows : 

The  trench  for  widening  is  excavated  and  wooden  forms  set  in  place. 
The  subgrade  for  the  widening  is  thoroughly  rolled  wTith  a trench  roller, 
the  sand  asphalt  base  course  material  is  then  placed  and  rolled;  when 
this  has  been  completed  for  the  entire  length  of  the  project,  a squeegee 
coat  is  applied  to  the  surface  of  the  old  pavement  and  the  widened  area, 
following  which  a sand  asphalt  leveling  course  having  a minimum  thick- 
ness of  inch  is  placed  and  a second  squeegee  coat  applied  before 
the  surface  course  is  placed.  The  surface  course  has  a thickness  of  one 
inch. 


The  grading  of  the  sand  for  this  type  of  work  is  varied  within  wide 
ranges  so  as  to  take  advantage  of  local  sand  pits  as  much  as  possible.  A typi- 
cal composition  for  the  surface  course  is  shown  below : 


Passing 
No.  4 Sieve 
No.  10  Sieve 
No.  40  Sieve 
No.  80  Sieve 
No.  200  Sieve 
Bitumen  


Retained  On  Per  Cent  of  Total 

No.  10  Sieve  0 to  8 

No.  40  Sieve  5 to  50 

No.  80  Sieve  20  to  75 

No.  200  Sieve  5 to  35 

4 to  8 

7 to  10 


The  bitumen  used  is  ahphalt  cement  having  a penetration  at  77°  F. 
of  85  to  100.  For  the  base  and  leveling  courses  the  bitumen  content  is 
reduced  to  from  5 to  7 per  cent  and  the  200  mesh  material,  to  from  0 to1 
5 per  cent.  Where  the  leveling  course  is  to  be  thicker  than  3V2  inches  due 
to  superelevation  of  curves,  at  least  50  per  cent  of  coarse  aggregate  passing 
the  1 inch  and  retained  on  the  No.  10  is  used  in  the  mix. 


The  above  limits  are  of  course  master  ranges  and  are  subject  to  closer 
control  by  a job  tolerance. 

The  use  of  85  to  100  penetration  asphalt  together  with  the  small  per- 
centage of  200  mesh  material  produces  a pavement  which  is  likely  to 
mark  slightly  under  horse  drawn  traffic  during  the  first  summer  but 
these  marks  are  soon  obliterated  by  pneumatic  tires  and  it  is  believed 
that  the  ultimate  life  of  the  pavement  will  be  greatly  increased  over 
mixes  using  lower  penetration  asphalt  and  high  filler  content.  So  far 
it  has  not  been  found  necessary  to  seal  the  hot  mix  sand  asphalt  until 
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it  has  been  m service  for  five  years  or  longer  as  the  texture  of  the 
f pavement  surface,  while  tight  enough  to  resist  weathering  remarkably 
I well,  is  practically  skid-proof. 

The  trend  toward  the  increased  use  of  premixed  material  for  re- 
| treatment  work  is  illustrated  by  the  Virginia  Department  of  Highways. 
This  Department  awarded  contracts  for  approximately  165,000  tons  of 
plant  mix  material  in  February  of  this  year.  This  material  is  used  for 
resurfacing  macadam  and  concrete  pavement  and  excellent  results  are 
being  obtained  by  using  about  120  pounds  per  square  yard.  Most  of  the 
material  used  is  of  the  liquefier  type  although  all  of  the  types  in  current 
use  are  placed  in  open  competition. 

In  South  Carolina  the  use  of  premixed  material  for  seal  and  retreat- 
ment work  has  been  very  limited.  This  is  probably  due  to  the  fact  that 
the  South  Carolina  Highway  Department  has  obtained  excellent  results 
through  the  use  of  road  mix  methods. 

In  the  maintenance  of  bituminous  surface  treatment  it  is  necessary 
to  apply  retreatments  at  intervals  of  from  three  to  five  years.  To  adhere 
to  this  schedule,  North  Carolina  must  retreat  1150  miles  each  year.  This 
retreatment  work  is  performed  with  State  owned  equipment  and  by 
trained  crews  in  each  of  the  ten  divisions. 

The  type  of  retreatment  applied  on  different  roads  varies  of  course 
with  the  condition  of  the  road  and  the  availability  of  local  aggregate 
I but  can  be  classified  under  two  general  headings,  drag  retreatments  and 
! mixed  in  place  retreads.  Rapid  curing  cut  back  asphalt  is  used  exclu- 
! sively  for  this  work  in  North  Carolina  and  the  specifications  for 
this  material  contain  requirements  for  testing  the  base  asphalt  and  naphtha 
solvent  as  well  as  the  finished  product.  A close  control  of  the  viscosity 
of  the  material  ordered  is  also  required.  Current  practice  is  to  use 
material  having  a Furol  viscosity  at  122°  F.  of  from  120  to  160  for 
work  done  in  the  spring  and  fall,  while  for  work  done  in  mid-summer 
the  viscosity  is  from  200  to  250. 

The  drag  retreatment  consists  of  from  25  to  40  pounds  of  aggregate, 

! graded  from  the  half  inch  sieve  to  the  No.  16,  mixed  in  place  with  from 
: .35  to  .5  of  a gallon  of  rapid  curing  cutback  asphalt  per  square  yard. 
The  quantity  of  aggregate  and  asphalt  used  is  varied  according  to  the 
J condition  of  the  surface  being  treated.  The  mixing  is  accomplished  with 
I a long  base  broom  drag  12  feet  wide.  The  drag  is  equipped  with  5 
rows  of  wire  brooms  and  is  hinged  to  permit  it  to  conform  to  the  cross 
section  of  the  road.  These  drags  are  mounted  on  wheels  to  facilitate 
turning  and  moving  from  job  to  job. 

The  treatment  is  constructed  by  applying  a tack  coat  of  cut  back 
asphalt  to  the  clean  surface  of  the  pavement,  spreading  the  aggregate 
and  allowing  it  to  dry,  then  applying  the  required  amount  of  cut  back 
asphalt,  mixing  and  rolling.  When  it  is  necessary  to  open  the  road  to 
traffic  the  same  day,  5 to  7 pounds  of  coarse  sand  or  chips  are  spread 
over  the  surface  and  rolled  in. 

One  outfit  consisting  of  distributor,  broom  drag,  trucks,  roller,  etc., 
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can  place  from  twenty  to  twenty-five  thousand  square  yards  of  this 
treatment  per  day. 

The  drag  retreatment  can  be  used  over  all  types  of  pavement  and 
gives  a uniform  non-skid  surface  at  a cost  of  from  eight  and  one-half 
to  eleven  cents  per  square  yard. 

Mixed  in  place  retreads  are  used  where  it  is  not  only  desired  to 
smooth  up  the  old  surface  but  also  to  provide  a certain  amount  of 
added  slab  strength. 

The  aggregate  used  in  retread  work  consists  of  sand,  or  a mixture 
of  sand  and  stone,  screenings  and  stone  or  sand  gravel. 

Where  local  sand  of  reasonably  good  quality  and  grading  is  avail- 
able, sand  retreads  are  used.  The  grading  of  the  sand  on  the  #10,  #40 
and  #80  sieves  does  not  appear  to  be  of  vital  importance,  if  the  sand 
is  not  all  of  one  size,  as  satisfactory  results  have  been  obtained  with 
sand  which  varied  widely  in  grading  on  these  sieves.  However,  it  is  im- 
portant that  the  percentage  passing  the  #200  sieve  should  be  less  than 
ten  per  cent,  as  over  this  amount  of  fine  material  causes  difficulty  in 
mixing.  Also,  it  is  important  that  the  sand  grains  be  angular  in  shape 
and  not  rounded  as  retreads  using  sand  having  smooth  regular  surfaces 
on  the  grains  will  not  have  sufficient  stability  to  withstand  heavy  traffic 
or  parking.  A microscopic  examination  of  samples  of  sand  proposed  for 
use  is  usually  made  to  determine  the  shape  of  the  grains. 

Retreads  are  placed  from  one-lialf  inch  to  three  inches  in  thickness 
and  the  construction  procedure  is  to  spread  sufficient  aggregate  on  the 
pavement  which  is  to  be  given  the  retread  to  provide  the  desired  com- 
pacted thickness.  The  aggregate  is  then  dried,  if  necessary,  by  manipu- 
lation with  blade  graders  until  the  moisture  content  is  4 per  cent  or 

less.  Rapid  curing  cut  back  asphalt  is  then  applied  with  a distributor 
and  mixed  with  the  aggregate  with  blade  graders  or  retread  machines 
until  the  mixture  is  uniform  in  color  and  consistency  and  until  the 
evaporation  of  the  solvent  and  any  moisture  in  the  aggregate  has  pro- 

gressed to  such  a point  that  the  mixture  will  be  firm  and  unyielding 
when  spread  and  rolled.  Unfortunately  there  is  no  accurate  field  test 
for  determining  when  the  mixture  is  at  exactly  the  right  stage  of  curing 
to  allow  spreading  with  the  best  results.  This  is  a matter  of  experience 
and  can  be  determined  best  by  the  "feel”  of  the  material. 

Just  prior  to  spreading,  the  mix  is  placed  on  one  half  of  the  surface 
to  be  covered  and  a tack  coat  of  cut  back  asphalt  is  applied  at  the 

rate  of  .15  of  a gallon  per  square  yard.  The  mix  is  then  bladed  on  this 
portion  of  the  road  while  the  tack  coat  is  applied  to  the  other  half 
of  the  width  to  be  resurfaced.  As  soon  as  the  mix  has  been  smoothly 
spread  with  blades,  it  is  rolled.  Traffic  is  not  permitted  on  the  work 
until  the  mix  has  cured  so  that  displacement  will  not  result. 

The  bitumen  content  used  in  retreads  is  from  4 to  6 per  cent,  de- 
pending on  the  grading  and  the  cost  is  from  $2  to  $5  per  ton. 

Where  it  is  decided  to  use  a mixed  in  place  retread  the  question 
naturally  arises  as  to  the  thickness  which  should  be  used.  This  is  de- 
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cided  by  a study  of  the  pavement  to  be  resurfaced.  The  thickness  generally 
used  on  old  surface  treatment  is  variable  as  some  of  these  roads  were 
constructed  with  much  more  crown  than  is  now  safe,  therefore,  the 
retread  is  often  placed  three  or  four  inches  thick  on  the  edges  with 
only  one-half  inch  or  less  in  the  center.  On  asphaltic  concrete  and 
cement  concrete  the  thickness  used  is  usually  one  inch  while  on  old  hot 
mix  sand  asphalt,  two  to  three  inches  is  used.  The  reason  for  the  thicker 
retread  on  the  sand  asphalt  is  that  on  these  pavements  built  ten  years 
or  more  ago  and  on  which  low  penetration  asphalt  was  used,  contraction 
cracks  are  numerous,  some  of  these  being  % of  an  inch  wide. 

It  has  been  found  that  these  wide  cracks  will  show  through  a one 
inch  retread  in  about  six  months  whereas  two  or  three  inches  of  retread 
will  seal  these  cracks  for  several  years. 
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Study  of  Strength  of  Asphaltic  Concrete  Mortars 

(Progress  Report) 

By 

N.  M.  FINKRINER, 

Engineer  of  Materials 
Oregon  State  Highway  Department 
Salem,  Oregon 

In  the  past  few  years  considerable  in- 
terest in  the  disintegration  of  asphaltic 
pavement  has  been  evidenced  by  a number 
of  research  projects  on  this  subject.  In 
these  investigations,  it  seems  that  more 
emphasis  has  been  placed  upon  the  nature 
of  the  cementing  medium  than  upon  grad- 
ing of  the  mineral  aggregate.  The  pur- 
pose of  this  investigation  will  be  to  en- 
deavor to  determine  the  proper  relation- 
ship between  the  coarse  aggregate,  the 
fine  aggregate,  and  the  asphaltic  cement 
of  the  densely  graded  type.  Work  being 
done  is  a study  of  mixtures  of  fine  aggre- 
gate and  asphaltic  cement,  particularly  the 
relationship  of  mineral  filler  and  asphaltic 
cement. 

After  a review  of  the  many  methods 
used  to  predict  the  service  behavior  of 
compression  test  *(1,  2,  3)  was  selected 
as  being  the  most  suitable.  For  the  present  work,  the  fine  aggregate 
specifications  of  the  Oregon  State  Highway  Department  were  used  as 
a basis  for  the  fine  aggregate  gradings  as  follows : 

Passing  No.  10  sieve  and  retained  on  No.  40  sieve  30%  to  50% 

Passing  No.  40  sieve  and  retained  on  No.  80  sieve  16%  to  32% 

Passing  No.  80  sieve  and  retained  on  No.  200  sieve  16%  to  32% 

Passing  No.  200  sieve  8%  to  16% 

This  grading  was  divided  into  two  parts — sand  and  mineral  filler. 
Hereafter,  that  portion  passing  the  No.  10  sieve  and  retained  on  the 
No.  200  sieve  will  be  termed  sand,  and  that  portion  passing  the  No.  200 
sieve  will  be  referred  to  as  filler. 

The  material  used  was  manufactured  from  available  quarter  inch 
minus  aggregate.  This  was  pulverized  in  a disc-type  grinder  and  sep- 
arated into  the  aforementioned  sieve  sizes.  The  sand  for  each  5000- 
gram  batch  of  mixture  was  then  recombined  in  the  following  proportions: 


asphaltic  paving  mixtures,  the 
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Passing  No.  10  sieve  and  retained  on  the  No.  40  sieve  45.0% 

Passing  No.  40  sieve  and  retained  on  the  No.  80  sieve  27.5% 

Passing  No.  80  sieve  and  retained  on  the  No.  200  sieve  27.5% 

This  mixture  was  combined  with  the  desired  amount  of  mineral 
filler  and  heated  on  a hot  plate  to  400-450°  F.  The  aggregate  mixture 
was  then  placed  in  a 500-gram  capacity  covered  pug  mill  and  mixed 
until  the  temperature  dropped  to  350°  F.,  whereupon  the  desired  amount 
of  51-54  penetration  asphalt,  heated  to  250-300°  F.,  was  thoroughly  in- 
corporated and  stored  in  a closed  container  and  held  in  an  oven  which 
was  maintained  between  250  and  300°  F.,  until  ready  for  use. 

Five  compression  test  specimens,  3.4  inches  high  by  4.5  inches  in 
diameter,  were  made  of  each  separate  mixture,  as  follows : 

The  hot  mixture  was  placed  in  a steel  mold  and  compressed  under 
a load  of  5000  pounds  per  square  inch.  This  load  was  maintained  for 
ten  minutes  during  which  time  water  at  about  60°  F.  was  circulated 
around  it.  The  specimen  was  removed  from  the  mold,  placed  on  a smooth 
steel  plate,  and  left  at  room  temperature  overnight. 

The  three  types  of  test  specimens  were  prepared  to  show  the  following : 

1.  The  relationship  of  varying  percentage  of  asphaltic  cement 
to  compressive  strength.  (Table  One,  Figure  One). 

2.  The  relationship  of  varying  percentages  of  mineral  filler 
to  compressive  strength.  (Table  Two,  Figure  Two). 

3.  The  relationship  of  varying  percentages  of  sand  in  two 
definite  asphalt/filler  ratios.  (Table  Three,  Figure  Three). 

According  to  Mr.  Vokac  (3),  600  pounds  per  square  inch  is  considered 
a suitable  minimum  and  1,000  pounds  per  square  inch  a suitable  maximum 
compressive  strength  for  asphaltic  paving  mixtures  of  the  hot  mix  type. 

Referring  to  Figure  One,  at  4.61  per  cent  asphaltic  cement,  a 
compressive  strength  of  600  pounds  per  square  inch  was  secured,  although 
the  test  specimens  were  so  dry  that  they  could  easily  be  crumbled  by 
hand.  With  12.3  per  cent  of  asphaltic  cement,  another  mixture,  far 
more  plastic  and  of  good  appearance,  had  a compressive  strength  of 
600  pounds  per  square  inch.  Evidently  compressive  strength  alone  is 
not  a criterion  of  the  service  behavior  of  asphaltic  paving  mixtures. 
Theoretically  the  first  mixture  would  be  expected  to  have  a higher  modulus 
of  elasticity  than  the  second  mixture,  thus  suggesting  that  the  modulus 
of  elasticity  may  be  a factor  of  consideration  in  studying  asphaltic  paving 
mixtures. 

In  order  to  determine  how  an  increase  in  the  percentage  of  mineral 
filler  would  affect  the  compressive  strength,  a mixture  with  an  asphaltic 
cement/sand  ratio  of  .176  was  selected.  As  shown  by  Figure  Two,  it 
was  found  that,  in  general,  the  addition  of  mineral  filler  to  such  a 
mixture  was  accompanied  by  a rise  in  compressive  strength.  With  another 
mixture  having  an  asphaltic  cement/sand  ratio  of  .111,  it  was  found  that 
the  addition  of  mineral  filler  did  not  bring  about  as  large  an  increase 
in  compressive  strength  as  it  did  in  the  first  case.  No  adequate  explana- 
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tion  of  the  slight  drop  which  is  present  in  both  curves  can  be  afforded 
until  more  data  has  been  collected.  It  may  be  observed  that  a similar 
drop  in  the  compressive  strength  also  occurs  in  one  of  the  graphs  of 
Figure  Three. 

To  show  the  effect  a variation  in  the  per  cent  of  mortar*  has  on 
compressive  strength,  a mixture  with  an  asphaltic  cement/filler  ratio 
of  1.00  was  used.  Varying  the  mortar  content  from  8 to  28  per  cent 
brought  about  very  little  change  in  the  compressive  strength  of  the 
mixture.  Another  mortar  with  an  asphaltic  cement/mineral  filler  ratio 
of  0.666  was  tested  over  the  same  range  of  mixtures.  Both  curves  have 
a very  small  portion  of  their  lengths  rising  above  a compressive  strength 
of  600  pounds  per  square  inch,  thus  indicating  that  care  should  be 
exercised  in  selecting  the  proper  amount  of  mortar  for  a mixture. 

By  taking  data  from  Figures  Two,  Three,  and  the  right-hand  por- 

tion of  One,  an  isodynamiagram  of  600  pounds  per  square  inch  was  plotted 
on  triangular  coordinate  paper.  The  resulting  graph  is  shown  in  Figure 
Four.  That  portion  of  the  isodynamiagram  containing  less  than  70  per 
cent  sand  is  not  too  reliable  inasmuch  as  part  of  it  was  obtained  by 
interpolation ; however,  no  mixture  outside  of  the  curve  in  this  region 
was  found  which  possessed  a compressive  strength  greater  than  600 
pounds  per  square  inch.  Several  mixtures,  both  inside  and  outside  of 
the  curve  were  tested  for  this  information.  This  data  is  given  in  Table 
Four.  It  may  be  noted  that  of  these  mixtures,  those  having  a com- 

pressive strength  greater  than  600  pounds  per  square  inch,  all  fall  within 
the  enclosed  area. 

There  is  one  other  area  on  this  diagram  which  needs  further  explana- 
tion. It  is  that  area  containing  between  five  and  nine  per  cent  asphaltic 
cement,  79  and  85  per  cent  sand,  and  10  and  12.5  per  cent  mineral  filler. 
As  has  been  suggested  before,  the  compressive  strength  of  an  asphaltic 
paving  mixture  does  not  necessarily  differentiate  between  a mixture  con- 
taining a:i  insufficient  amount  of  asphalt  and  one  containing  a sufficient 
amount.  Referring  to  the  isodynamiagram,  the  two  600-pound  mixtures 
containing  10.5  per  cent  mineral  filler  with  nine  per  cent  asphaltic  cement, 
and  12.75  per  cent  mineral  filler  with  8.5  per  cent  asphaltic  cement, 

respectively,  are  satisfactory  from  the  standpoint  of  brittleness,  whereas 

a mixture  containing  4.6  per  centf  asphaltic  cement  with  11.5  per  cent 
mineral  filler  is  unquestionably  too  dry  to  be  suitable,  even  though  it 
has  a compressive  strength  of  600  pounds  per  square  inch.  Therefore, 
the  first  two  aforementioned  points  were  arbitrarily  connected,  as  is 
shown  or.  the  Figure. 

Considering  data  of  Figures  One,  Two,  Three  and  Four,  it  will  be 
noted  that  (Figure  One)  the  addition  of  one  per  cent  of  asphalt  brings 
about  a drop  of  101  pounds  per  square  inch  in  the  compressive  strength. 
In  Figure  Two,  the  portions  of  the  curves  which  are  above  600  pounds 
per  square  inch  show  a maximum  change  of  184  pounds  per  square  inch 
with  each  change  of  one  per  cent  in  the  mineral  filler  content.  This 
relationship  was  obtained  from  the  “AC/Sand  = .176”  curve.  The  slope 

*The  mixture  of  asphaltic  cement  and  filler. 
tSee  left-hand  portion  of  Figure  One. 
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of  the  other  curve  m this  Figure  is  less  than  18  at  any  place  where  it 
rises  above  600  pounds  per  square  inch. 

In  Figure  Three,  the  greatest  change  of  compressive  strength  per 
unit  change  of  the  per  cent  of  the  mortar  in  the  area  above  600  pounds 

per  square  inch  is  24.5  on  the  “AC/Filler  ==  1.00’ ’ line.  Of  the  four 

curves  in  Figures  Two  and  Three,  those  containing  the  greater  percentage 
of  asphalt  in  each  case  are  the  most  critical. 

If  Figure  Four  is  now  examined,  the  following  observations  may  be 
made.  The  per  cent  of  asphaltic  cement  may  vary  from  7.25  to  13.25, 
the  per  cent  of  mineral  filler  may  vary  from  10.5  to  22.75,  and  the  per 
cent  of  sand  may  vary  from  67  to  80.5.  In  terms  of  ratios,  the  asphaltic 
cement,  mineral  filler  ratio  may  vary  from  a value  of  3.405  to  1.000, 

the  asphaltic  cement,  sand  ratio  may  vary  from  a value  of  .1034  to  .1793, 
and  the  mineral  filler,  sand  ratio  may  vary  from  .1304  to  .3034  in  value. 
In  the  above  named  order,  the  per  cent  of  variation  from  the  mean  value 
of  tlm  numerical  range  of  each  ratio  is  49.2,  26.8,  and  40  per  cent, 

respectively.  In  this  case,  the  relationship  between  the  sand  and  asphaltic 
cement  is  the  most  critical;  that  between  asphaltic  cement  and  mineral 
filler  is  the  least  critical. 


As  a summary  of  these  observations,  the  following  conclusions  may 
be  made : 

1.  Variation  of  the  percentage  of  mineral  filler  in  the  mixtures 
studied  did  not  have  as  great  an  effect  upon  the  compressive  strength 
of  these  mixtures  as  a variation  of  the  percentage  of  asphaltic  cement. 

2.  A change  in  the  value  of  the  asphaltic  cement,  mineral  filler 
ratio  did  not  affect  the  compressive  strength  of  the  mixtures  as  much 
as  a change  of  the  value  of  the  asphaltic  cement,  sand  ratio. 

TABLE  NUMBER  ONE 
Per  Cent  A.  C.  Variable  F S Constant 


No. 

Per  Cent 
A.C. 

Per  Cent 
F 

Per  Cent 
S 

AC/F 

AC/S 

F/S 

Compressive 

Strength 

1 

3.5 

11.58 

84.92 

.302 

.041 

.136 

528 

2 

4.0 

11.52 

84.48 

.347 

.047 

.136 

584 

3 

4.5 

11.46 

84.44 

.393 

.054 

.136 

594 

4 

5.0 

11.40 

83.60 

.439 

.060 

.136 

718 

5 

6.0 

11.28 

82.72 

.532 

.073 

.136 

744 

6 

6.5 

11.22 

82.28 

.579 

.080 

.136 

833 

7 

7.0 

11.16 

81.84 

.627 

.086 

.136 

971 

8 

7.5 

11.10 

81.40 

.676 

.092 

.136 

815 

9 

8.0 

11.04 

80.96 

.725 

.100 

.136 

934 

10 

8.5 

10.98 

80.52 

.774 

.106 

.136 

977 

11 

9.0 

10.92 

80.08 

.824 

.112 

.136 

880 

12 

9.5 

10.86 

79.64 

.875 

.119 

.136 

808 

13 

10.5 

10.74 

78.76 

.978 

.133 

.136 

783 

14 

11.5 

10.62 

77.84 

1.083 

.147 

.136 

685 

15 

13.5 

10.38 

76.12 

1.301 

.177 

.136 

464 
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TABLE  NUMBER  TWO 


Per  Cent  Filler  Variable  A.C.  Sand  Constant 


No. 

Per  Cent 
A.C. 

Per  Cent 
F 

Per  Cent 
S 

AC/F 

AC/S 

F/S 

Compressive 

Strength 

1 

13.44 

10.4 

76.16 

1.292 

.176 

.137 

486 

2 

13.14 

12.4 

74.46 

1.060 

.176 

.166 

495 

3 

12.84 

14.4 

72.76 

.892 

.176 

.198 

615 

4 

12.54 

16.4 

71.06 

.765 

.176 

.231 

565 

5 

12.24 

18.4 

69.36 

.665 

.176 

.265 

935 

11 

9.16 

8.4 

82.44 

1.090 

.111 

.102 

483 

12 

8.96 

10.4 

80.64 

.861 

.111 

.129 

604 

13 

8.76 

12.4 

78.84 

.706 

.111 

.157 

628 

14 

8.66 

13.4 

77.94 

.646 

.111 

.172 

607 

15 

8.55 

14.38 

77.02 

.595 

.111 

.187 

478 

16 

8.45 

15.4 

76.15 

.549 

.111 

.202 

524 

17 

8.35 

16.39 

75.26 

.509 

.111 

.218 

614 

18 

8.15 

18.38 

73.47 

.443 

.111 

.250 

613 

• 

TABLE  NUMBER  THREE 
Per  Cent  of  Mortar  Variable 

No. 

Per  Cent 
A.C. 

Per  Cent 
F 

Per  Cent 
S 

AC/F 

AC/S 

F/S 

Compressive 

Strength 

1 

4.5 

4.5 

90.0 

1.00 

.049 

.049 

456 

2 

6.5 

6.5 

87.0 

1.00 

.074 

.074 

582 

3 

8.5 

8.5 

83.0 

1.00 

.102 

.102 

561 

4 

9.5 

9.5 

81.0 

1.00 

.117 

.117 

540 

5 

11.1 

11.1 

77.8 

1.00 

.143 

.143 

615 

6 

12.65 

12.65 

77.4 

1.00 

.163 

.163 

582 

7 

14.15 

14.15 

71.7 

1.00 

.197 

.197 

173 

11 

3.6 

5.4 

9.1 

.666 

.039 

.059 

386 

12 

5.2 

7.8 

8.7 

.666 

.060 

.090 

450 

13 

6.8 

10.2 

8.3 

.666 

.082 

.123 

585 

14 

8.4 

12.6 

7.9 

.666 

.106 

.159 

605 

15 

10.0 

15.0 

7.5 

.666 

.133 

.200 

577 

16 

11.6 

17.4 

7.1 

.666 

.163 

.245 

501 

TABLE  NUMBER  FOUR 
Special  Mixtures 

Per  Cent 

Per  Cent 

Per  Cent 

Compressive 

No. 

A.C. 

F 

S 

AC/F 

AC/S 

F/S 

Strength 

1 

10.0 

17.5 

72.5 

.571 

.138 

.241 

674 

2 

10.0 

15.9 

75.0 

.666 

.133 

.200 

807 

3 

10.0 

22.5 

67.5 

.444 

.148 

.333 

849 

4 

12.5 

20.0 

67.5 

.625 

.185 

.296 

330 

5 

7.5 

22.5 

70.0 

.333 

.107 

.321 

623 
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PERCENT  ASPHAETIC  CEMENT 


COMPRESSIVE  STRENGTH  IN  POUNDS  PER  SQUARE  INCH 
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PERCENT  OF  FILLER 


COMPRESSIVE.  STRENGTH  IN  POUNDS  PER  SQUARE  INCH. 
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PERCENT  MORTAR 


COMPRESSIVE.  STRENGTH  IN  POUNDS  PER  SQUARE  INCH. 
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For  the  purpose  of  this  discussion  II 
will  define  ‘seal  coat”  as  the  last  opera-) 
tion  in  the  construction  of  a bituminous  | 
surface  or  in  the  maintenance  of  an  old  sur- 
face and  it  is  primarily  intended  to  pro- 
tect surfaces  against  the  ravages  of  traffic 
and  the  elements.  Seal  coat  types,  however, [ 
are  used  to  accomplish  various  things: 


(1)  To  prevent  raveling  of 
an  open  type  of  bituminous-aggre- 
gate surface,  and  to  enliven  and 
seal  against  entrance  of  moisture  in 
a badly  checked,  dried  out,  closed 
type  of  surface. 

(2)  To  reduce  the  slipperiness 
of  an  otherwise  good  bituminous 
surface. 


(3)  To  seal,  level,  and  make 


smooth  riding  an  old  rough  bituminous,  brick,  or  concrete  pavement. 


(4)  To  correct  the  glare  of  a road  surface. 


Although  the  method  of  procedure  in  all  of  the  above  classes  of 
work  may  be  more  or  less  similar  and  some  of  them  almost  identical,  there! 
are  different  features  which  must  be  recognized  in  order  to  accomplish 
the  best  results.  In  all  of  them  it  is  desirable  to  finish  the  surface  with  a) 
comparatively  fine  graded  bituminous  coated  aggregate  that  is  hard  and; 
will  not  polish  to  a slippery  surface. 


The  purpose  should  be  to  develop  a durable,  nonskid,  smooth  riding, 
surface,  free  from  undue  glare.  When  it  is  contemplated  to  use  such  aj 
surface  only  temporarily,  the  work  naturally  should  be  modified  both  ini 
quality  of  material  and  workmanship,  as  well  as  the  thickness  of  the  layer,1 
to  economically  harmonize  with  the  proposed  future  plans. 

While  the  above  sets  out  the  theoretical  features  to  be  sought,  many 
things  enter  into  the  practical  accomplishment  of  these  results. 
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(1)  TO  PREVENT  RAVELING 

The  most  common  use  of  the  seal  coat  type  is  to  seal  an  open  bitumi- 
nous surface  to  prevent  raveling.  This  is  accomplished  by  filling  the  voids 
in  the  surface  course  with  bituminous  coated  aggregate  either  made  in  a 
plant  or  on  the  road,  such  as  a surface  mix  or  merely  a surface  treat- 
ment of  bitumen  and  fine  aggregate  covering.  Although  primarily  to 
prevent  raveling  of  the  surface,  the  seal  coat  of  whatever  type  makes 
the  surface  more  waterproof.  This  waterproofing  is  a very  necessary  re- 
quirement for  preserving  the  surface.  The  cracking  and  disintegration  of 
little  used  surfaces  such  as  is  true  with  many  airport  runways  can  be 
greatly  avoided  by  better  sealing  them  against  water. 

Grade  of  Bitumen  That  Can  be  Satisfactorily  Used  May  Be  Determined  By 
the  Amount  of  Traffic  and  Availability  of  Detours 

Slow  curing  and  medium  curing  asphalts  may  be  more  desirable  for 
| use,  at  least  in  the  first  applications,  when  building  up  a seal  coat  mat 
on  a loose  stone  or  gravel  road.  Even  the  medium  curing  products  may 
be  used  on  an  old  bituminous  surface  that  is  very  badly  worn  and  where 
it  is  necessary  to  build  a considerable  mat  to  properly  recondition  same 
for  traffic.  On  secondary  roads  even  the  finishing  treatment  may  be  of 
[the  medium  curing  class.  A slow  curing  and  even  a medium  curing 
product  is  very  objectionable  to  traffic  and  where,  because  of  the 
[lack  of  convenient  detours  or  where  the  local  traffic  conditions  require 
that  the  road  be  used  quite  extensively  while  under  construction,  the 
j rapid  curing  asphalts  should  be  used. 

Amount  and  grade  of  Bitumen  in  a Seal  Coat  should  vary  with: 

(a)  Amount  of  traffic. 

(b)  Hardness  of  the  aggregate. 

(c)  Absorptive  properties  of  the  aggregate. 

(d)  Geographical  location. 

(a)  Amount  of  Traffic.  The  more  traffic  on  a road,  the  greater 
| precaution  should  be  used  to  guard  against  the  use  of  too  much  bitumen 
which  may  cause  a ‘Hat”  and  hence  a slippery  surface.  Only  the  necessary 
amount  of  bitumen  should  be  used  to  prevent  the  aggregate  from  raveling. 

Unfortunately  some  of  our  seal  coats  have  to  be  built  in  the  late  fall. 
More  bitumen  is  necessary  to  prevent  raveling  in  the  late  fall  work  than 
work  done  during  the  hot  summer  weather.  Bate  fall  work  may  require 
the  use  of  so  much  bitumen  to  hold  the  aggregates  against  raveling  during 
the  winter  and  spring  season  that  an  excess  of  bitumen  will  come  to  the 
surface  the  following  summer.  The  necessity  for  using  an  ex- 
J cess  of  bitumen  in  the  late  fall  seems  to  be  reduced  to  some  degree 
by  the  use  of  emulsified  asphalts,  although  this  is  not  a positive  cure. 

Finely  crushed  limestone  with  the  dust  removed,  coated  in  a plant 
with  emulsified  asphalt,  may  be  used  very  satisfactorily  in  the  late  fall 
season  for  sealing  a surface  against  raveling.  In  summer  weather  any  hard 
t grained  aggregate  properly  coated  with  bitumen  may  be  used. 

Under  any  conditions  late  fall  construction  should  be  well  compacted  with 
a heavy  roller  to  furnish  the  greater  resistance  against  raveling.  The 
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better  compaction  will  produce  a greater  density  and  hence  cause  the 
bituminous  mixture  to  assume  the  greatest  stability.  In  this  late  fall  con- 
struction, the  going  over  the  surface  many  times  with  a light  roller  is 
not  a substitute  for  fewer  rollings  with  a heavy  roller.  The  rolling  of 
any  bituminous  mixture  during  the  proper  stages  of  curing  is  most  im- 
portant. You  can  pack  clays  in  earthen  dams  or  around  a fence  post 
most  conveniently  to  its  greater  density  when  the  proper  stiffness  prevails. 
This  feature  is  not  always  fully  recognized  in  compacting  bituminous 
mixtures  and  therefore  many  times  the  failing  to  recognize  this  funda- 
mental principle  results  in  second-class  work. 

The  softer  limestones  show  less  signs  of  raveling  when  used  in  the 
late  fall  than  do  the  extremely  hard  aggregates  which  are  must  desirable 
to  use  on  a heavily  traveled  highway. 

Old  dense  mixed,  closed  type  of  surfaces  that  are  badly  checked, 

dried  out,  lifeless,  and  on  the  verge  of  disintegrating  may  be  given  new 
life  and  their  usefulness  extended  many  years  by  application  of  proper 
seal  coat. 

Yrhen  seal  coat  work  is  used  to  prevent  raveling  of  a surface,  it 

is  no  compliment  of  the  work  to  have  the  seal  coat  itself  ravel;  however, 

it  may  even  be  better  to  have  a small  amount  of  raveling  of  the  seal  coat 

than  to  have  much  of  the  surface  extremely  rich  in  asphalt.  This  is  true 
because  of  two  things : first,  the  raveling  surface  can  be  further  treated 
to  correct  it ; and,  second,  one  of  the  most  important  requirements  of  a 
modern  highway  is  safety.  If  a surface  is  too  rich  in  asphalt,  it  is  not 
a safe  one.  It  may  be  necessary  for  the  engineer  to  choose  the  lesser 
of  two  evils  when  he  is  required  to  do  late  fall  work. 

It  may  appear  that  too  much  has  been  said  about  late  fall  work 
and  the  question  naturally  arises — why  chance  it?  Officials  of  every  state 
resolve  yearly  that  they  will  not  be  guilty  of  performing  late  season 
work  again  but  all  too  frequently  must  face  a situation  where  they 
cannot  deny  the  public  use  of  a newly  constructed  road  during  winter 
months.  They  cannot  hope  to  hold  the  surface  against  raveling,  however, 
unless  sealed  and,  since  placing  of  seal  coat  is  last  operation  in  building 
of  most  bituminous  surfaces,  it  naturally  runs  into  late  season  work. 

(b)  Hardness  of  the  Aggregate.  The  harder  the  aggregate,  the  more 
bitumen  will  be  required ; also,  the  harder  the  aggregate,  the  more  im- 
portant it  is  to  use  a heavy  roller  during  construction,  particularly  during 
cool  weather.  In  one  instance,  an  engineer  was  known  to  condemn  the 
grades  of  asphalt  that  had  been  used  over  a wide  area  for  many  years 
because  of  a grade  of  hard,  yet  porous  absorptive  aggregate,  extensively 
used  with  insufficient  bitumen  (an  unusual  condition)  which  caused  the 
bituminous  surface  to  crack  badly  as  it  aged. 

Heavy  traffic  will  crush  and  polish  the  soft  aggregate  which  eventually 
may  become  slippery.  This  is  less  likely  to  happen  with  the  hard  aggregate. 
It  will  remain  dry  and  gritty  and  hence  considerably  more  nonskid  than 
will  the  soft  aggregate,  provided  not  too  much  asphalt  is  used;  however, 
on  a very  light  traffic  road,  the  soft  aggregate  will  also  remain  dry  and 
therefore  fairly  nonskid  and  it  will  not  ravel  so  readily  as  will  the  hard 
aggregate;  consequently,  the  softer  aggregate  may  actually  have  a slight 
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advantage  on  a very  light  traffic  road  where  aggregates  coarser  than  the 
sand  sizes  are  used. 

(c)  Absorptive  Properties  of  the  Aggregate.  Porous  aggregates  require 
slightly  more  bitumen  than  dense  aggregates.  Most  slags,  because  of  their 
porous  nature  will  require  larger  amounts  of  bitumen;  however,  some  lime- 
stones are  also  very  absorptive  and  if  the  lighter  grades  of  asphaltic  ma- 
terials are  used  may  require  an  appreciable  increase  in  bitumen  to  properly 
seal  them  against  raveling.  Close  cooperation  between  the  laboratory  and 
the  field  forces  will  aid  greatly  in  solving  this  problem. 

(d)  Geographical  Location.  Climatic  conditions  affect  the  amount  and 
kind  of  bitumen  that  should  be  used  in  a surface  mixture;  also  the  relative 
amount  of  shade  and  sunshine  on  a surface  affect  the  amount  of  bitumen 
that  shotild  be  used.  It  is  well  known  that  in  northern  climates  a softer 
penetration  asphalt  should  be  used;  however,  it  is  not  so  commonly  recog- 
nized that  on  the  shaded  side  of  a mountain  and  on  a roadway  surface 
that  is  shaded  during  much  of  the  hottest  part  of  the  day,  it  is  also  de- 
sirable to  use  a softer  asphalt  and  also  a slightly  increased  amount  of 
same.  On  hea/ily  shaded  streets  dense  mixtures  such  as  the  sheet  asphalt 
types  are  frequently  more  successful  than  the  open  type  of  mixtures , 
on  the  other  hand,  surfacing  areas  with  the  same  sheet  asphalt  mix  that 
gave  good  results  in  the  dense  shade  may  not  be  so  successful  when  ex- 
posed to  the  maximum  amount  of  sunshine.  The  more  open  types  of  mix- 
tures usually  will  ravel  much  less  in  the  sunshine  areas. 

It  is  readily  seen  that  the  hardness  of  the  aggregate,  its  absorptive 
properties,  the  amount  and  kind  of  traffic,  the  geographical  features,  and 
the  grade  and  amount  of  asphalt  to  be  used  in  any  mixture  are  closely 
related  factors.  It  is  difficult  to  give  exact  formulas  or  quantities  for  the 
grade  and  amount  of  bitumen  because  of  these  variables. 

It  is  not  uncommon  to  see  a good  grade  of  asphalt  or  aggregate  con- 
demned because  they  have  not  been  properly  proportioned.  We  will  eventual- 
ly more  definitely  prove  that  for  any  aggregate  of  a particular  size  and 
hardness  there  is  a very  limited  range  in  the  amount  of  bitumen  that  can 
be  used  for  best  results  under  certain  traffic  conditions. 

When  we  take  into  account  all  of  these  variables,  we  can  readily 
see  how  complicated  becomes  the  subject  of  knowing  how  to  build  the 
most  nearby  perfect  bituminous  surface.  The  close  cooperation  of  the  field 
forces  with  the  laboratory  tests  and  checks,  together  with  the  observation 
over  a period  of  years  of  the  results  secured  with  different  mixes  of  various 
aggregates  and  asphalts,  makes  this  problem  the  most  approachable  to  a 
definite  solution.  Perhaps  nothing  can  be  better  proof  of  the  necessity 
of  trained  and  experienced  engineers  of  long  service  than  a thorough 
understanding  of  the  problems  involved  in  this  class  of  work. 

(2)  TO  REDUCE  THE  SLIPPERINESS  OF  AN  OTHERWISE 

GOOD  PAVEMENT 

Occasionally  a bituminous  surface  may  have  developed  a slippery  con- 
dition. It  is  very  fortunate  for  the  asphalt  industry  that  an  asphalt  type 
of  road  lends  itself  to  making  a nonskid  surface,  even  though  by  some 
error  it  has  previously  been  made  into  a very  slippery  one.  The  nons  ic 
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character  is  brought  about  largely  by  the  nature  of  the  aggregate  as  wel 
as  by  keeping  the  bitumen  down  to  a minimum  in  the  wearing  surface! 

Reliable  tests  and  observation  show  that  the  fine  grained  hard  agl 
gregates  offer  the  greatest  resistance  to  slipping.  The  nonskid  character 
Gf  such  a surface  may  be  explained  by  the  resistance  the  hard  grain' 
offer  to  wearing  and  polishing  and  to  the  great  number  of  small  points 
which  contact  and  grip  the  rubber  tire  all  at  the  same  time. 

An  error  not  uncommon  to  be  made  is  to  produce  a ‘‘pebbly7’  surface 
thinking  that  by  so  doing  a nonskid  surface  has  been  produced.  While 
such  a surface  when  new  and  during  dry  weather  may  be  nonskid,  and 
even  the  new  surface  may  be  fairly  nonskid  when  wet,  a careful  study 
shows  that  as  such  a surface  wears  under  traffic  it  may  become  very 
slippery.  This  is  the  result  of  the  corners  of  the  surface  aggregate  wear- 
ing off.  It  is  also  a fact  that  the  area  of  the  surface  in  actual  contact 
with  the  tire  may  be  greatly  reduced  on  the  “pebbly”  surface.  A some- 
what exaggerated  illustration  of  what  takes  place  on  such  a surface 
as  it  wears  is  shown  by  an  old  granite  block  pavement  with  the  corners 
of  the  blocks  worn  off.  Many  of  such  pavements  are  exceedingly  slippery. 

In  the  surface  treatment  and  surface  mix  types,  fortunately,  if  an 
error  has  been  made  in  adding  too  much  bitumen,  it  usually  can  be  cor- 
rected at  a later  date  at  small  expense.  If  the  surface  is  too  rich  with 
asphalt,  a properly  sized  hard  aggregate  can  be  rolled  into  the  “fat” 
surface  on  a hot  day.  This  may  be  done  as  frequently  as  is  necessary  until 
the  excess  bitumen  is  converted  into  a dry  nonskid  surface. 

Many  of  the  old  penetration  types  of  road  that  were  well  built  and 
have  resisted  the  wear  of  traffic  for  many  years  have  developed  a slippery 
surface  due  to  the  polishing  of  the  aggregate  by  the  traffic  and  maybe  only 
from  a slight  excess  of  bitumen,  an  amount  which  was  really  not  too 

much  when  constructed  to  hold  it  against  raveling.  Sometimes  attempts 
have  been  made  to  correct  the  slippery  condition  of  such  a surface  by 
slightly  scarifying  the  top  layer.  This  is  not  very  satisfactory  for  two 

reasons : first,  the  breaking  through  of  the  top  crust  of  the  old  surface 
usually  starts  raveling  in  places  and  also  breaks  the  water  seal  that 

has  formed  on  it;  second,  the  protection  against  a slippery  condition  is 
not  so  effective  as  generally  believed. 

A better  method  of  correcting  the  slipperiness  on  such  a surface  may 
be  to  coat  same  with  a seal  coat  of  a nonskid  mixture.  While  surface  treat- 
ment with  the  proper  kind  of  covering  will  produce  this  nonskid  condition, 
if  the  proper  covering  aggregate  is  not  used  eventually  there  develops 

the  same  slippery  condition  as  originally  existed,  which  calls  for  another 
surface  treatment.  If  a fine  graded  hard  aggregate  bituminous  mixture  is 
spread  over  the  surface,  the  desired  results  will  frequently  be  secured 
at  the  least  expense. 

Many  of  these  old  bituminous  roads  have  given  wonderful  service 
and  have  endured  for  years  because  they  have  a splendid  base.  Such 
roads  should  never  be  torn  up  just  merely  to  correct  the  slippery  condi- 
tion of  the  surface  when,  with  the  proper  kind  of  seal  coat,  the  difficulty 
is  solved.  With  a new  covering  coat  the  old  base  which  has  already  given 
wonderful  service  will  be  even  stronger  than  it  was  before. 
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Sheet  asphalt  pavements  vary  greatly  in  their  nonskid  character  in 
fferent  parts  of  the  country  due  to  the  variation  in  the  sand  used 
their  construction.  Besides  the  variable  hardness  and  angularity  of 
e sand  grains,  one  or  more  other  factors  may  contribute  to  their  slippery 
• nonskid  character.  In  some  places  this  type  of  pavement  is  so  slippery 
|at  new  sheet  asphalt  is  being  surface  treated  or  given  a thin  seal  coat  of 
fine  grained  bituminous  mixture  of  a nonskid  character. 

Generally  speaking,  the  harder  the  aggregate  the  more  nonskid  the 
irface  will  be ; also  aggregates  which  do  not  polish  readily  but  instead 
maintain  a gritty  surface  are  the  most  effective  for  a nonskid  surface. 

| Inasmuch  as  the  seal  coat  of  any  pavement  constitutes  a very  small 
er  cent  of  the  total  thickness  of  the  road  crust,  one  may  be  justified 
L importing  this  small  amount  of  aggregate  at  considerable  cost  to 
‘cure  the  most  desirable  and  safe  riding  surface. 

One  of  the  principal  requisites  of  the  good  modern  highway  is  safety, 
he  degree  of  safety  is  closely  associated  with  the  nonskid  character 

f its  surface.  This  means  that,  among  other  things,  the  surface  must  be 
js  nonskid  as  it  is  practical  to  build  it.  Many  engineers  have  failed 

ii  this  requirement  and  as  a result  our  accident  toll  has  not  been  kept 
own  to  where  it  might  be.  A few  engineers  are  loath  .to  give  the  safety 
ictor  much  consideration.  They  will  have  to  be  classified  as  antiquated 
jnd  out  of  step  with  modern  times. 

i As  our  highway  transportation  develops  in  amount  and  speed,  it  takes 
|o  prrphet  to  predict  that  the  safety  factor  is  becoming  a more  important 
ne  in  our  highway  transportation  problems. 

(3)  TO  LEVEL  AND  MAKE  SMOOTH  RIDING  AN  OLD  ROUGH 
BITUMINOUS,  BRICK,  OR  CONCRETE  PAVEMENT 

I The  correction  of  the  above-listed  types  of  pavement  is  a class  of  work 
hat  frequently  involves  resurfacing  with  more  than  a seal  coat.  This 
fork  might  be  considered  somewhat  foreign  to  the  subject  of  this  paper; 

owever,  if  more  than  a seal  coat  on  the  old  surface  is  required,  it  is 

sually  a thin  resurfacing  course,  the  seal  coat  of  which  constitutes  a 
arge  part  of  the  cost  and  hence  this  work  seems  appropriate  from  this 
aoint  of  view  for  discussion  under  the  title. 

The  problem  here  is  to  not  only  correct  the  roughness  but  to  seal 
ip  the  surface  against  water  entering  it  which  is  the  cause  of  more 
failures  of  our  pavement  than  many  times  suspected.  After  the  depres- 
sions in  these  surfaces  are  patched,  frequently  a seal  coat  consisting  of 
i double  surface  treatment  and  50  to  70  pounds  of  covering  aggregate 
s all  that  may  be  required.  This  treatment  may  be  repeated  from  year  to 
bear  as  the  condition  of  the  ro'ad  and  amount  of  traffic  will  warrant. 

If  the  bituminous  type  of  road  has  a good  base  and  it  is  merely  the 
’oughness  that  is  to  be  corrected,  after  smoothing  the  surface  by  patching, 
i thin  seal  coat  of  a hard  aggregate  either  of  a surface  mix  or  plant 
mix  may  be  all  that  is  necessary. 

Brick  or  concrete  pavements  usually  have  mobile' units  in  their  surface 
and,  to  make  anything  approaching  a fairly  stable  surface  again,  it  vill 
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be  necessary  to  add  one  inch  or  more  of  a bituminous  coated  aggrega  f 
either  -as  a plant  mix  or  a surface  mix,  and  this  should  be  sealed  with  * 
fine  grained  nonskid  mixture. 

In  sealing  an  old  concrete  or  brick  pavement,  experience  indicat  . 
that  a bituminous  surface  treatment  properly  dragged  in  the  constructicj 
operations  seals  up  the  cracks,  levels  the  surface,  and  causes  it  to  can  5 
traffic  far  better  than  generally  suspected.  It  is  important  in  this  worn 
that  a treatment  of  the  liquid  asphalt  be  first  applied  to  the  old  surf a( ; 
before  any  aggregate  is  placed  thereon ; of  course,  any  pronounced  weal, I 
ness  or  defect  in  the  old  base  will  have  to  be  corrected  to  hold  again: 
failures  again  in  the  thawing  or  wet  season  of  the  year. 

Inasmuch  as  the  details  of  constructing  such  mixtures  are  well  known 
it  is  not  deemed  necessary  to  elaborate  on  them  in  this  paper. 

(4)  TO  CORRECT  THE  GLARE  OF  A ROAD  SURFACE 

The  same  fine  grained  hard  angular  aggregate  which  produces  th 
most  nonskidlike  surface  also  produces  the  least  glare.  This,  apparent! 
is  due  to  the  diffusion  of  the  light  in  all  directions  from  the  angula 
aggregate  particles.  This  is  in  great  contrast  to  the  glaring  light  comin 
from  a slick  smooth  surface.  In  other  words,  the  same  treatment  tha* 
produces  a nonskid  surface  will  at  the  same  time  produce  a nonglarin 
surface. 

Another  form  of  glare  which  is  very  objectionable  to  the  drivei 
though  only  occasionally  encountered,  is  that  coming  from  an  extreme! 
white  aggregate  on  the  surface.  Even  though  such  aggregate  may  b 
tacked  down  with  a heavy  asphalt  adhering  to  its  lower  surface,  itj 
extremely  white  surface  still  produces  an  objectionable  glare  in  the  driver’ 
eyes.  A thin  coat  of  hard,  fine  grained,  bituminous  coated  aggregate  spreai 
over  such  a surface  will  eliminate  this  glare  so  that  it  will  offer  practical! 
no  objections  to  a driver,  even  though  he  be  headed  toward  the  sur 
at  a comparatively  low  level. 

While  seal  coats  are  in  many  respects  very  much  alike  in  that  the;’ 
have  for  their  prime  purpose  the  sealing  of  the  surface  against  ravelin! 
and  the  entrance  of  water,  and  they  must  take  all  of  the  wear  ant 
tear  of  traffic,  they  also  serve  other  very  necessary  features  in  a roa< 
surface  as  heretofore  mentioned ; hence,  they  are  a very  vital  part  of  am 
highway. 

While  many  other  features  of  seal  coat  work  are  legitimate  subject; 
for  discussion,  I have  attempted  to  include  herein  some  of  those  whicl 
I believe  most  worthy  of  consideration  by  the  designing  and  maintenanc; 
engineers  who  are  most  responsible  for  the  type  of  finished  surfaces  tha 
we  have  on  the  major  portion  of  our  highways. 
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Sub-base  and  Foundations  for  Bituminous  Surfaces 

By 

IJ.  0.  MARTINEAU 

Assistant  Chief  Engineer 
Department  of  Roads  — Province  of  Quebec 
Quebec,  Canada 

Because  of  insufficient  revenues,  highway  tax  diversion,  and  the  ever- 
■preasing  requirements  of  modern  highway  transportation,  it  is  more 
Ian  ever  imperative  that  every  dollar  available  for  road  improvement  be 
{jent  to  best  advantage,  so  as  to  provide  greater  safety  and  comfort  to 

lie  public,  reduce  distance  and  time  of  travel  and  lower  the  cost  of 

deration  of  motor  vehicles  and  of  maintenance  of  roads. 

Alignments,  curves,  grades,  width  of  shoulders  and  right  of  way, 
rsibility  by  day  and  night,  the  separation  of  opposite  and  cross  flows  of 

I filiation,  traffic  capacity,  are  all  important  factors  to  be  considered  in 

liodern  highway  construction,  but  not  more  so,  however,  than  is  that 
< the  riding  surface  itself. 

The  pavement,  besides  having  lanes  of  sufficient  width  and  in  adequate 
limber,  as  well  as  resistance  to  skidding  and  wear,  should  also  possess  a 
booth  riding  surface  which  would  last  not  only  a few  years  following 
:>  construction  but  throughout  its  entire  economic  life.  Such  a result  is 
difficult  task,  and  a cause  of  great  concern  to  highway  engineers. 

For  many  years,  during  the  time  when  the  main  consideration  in 
lad  construction  was  the  horse-drawn  vehicle,  water  bound  macadam 
(irfaces  were  believed  to  be  of  sufficient  resistance  to  last  a long  time. 
rith  the  advent  and  subsequent  increase  in  the  number  of  motor  vehicles 
iis  belief  was  soon  dispelled,  and  more  resistant  surfaces  in  particular, 
loso  of  the  bituminous  type,  were  built  with  the  confidence  that  they 
ould  not  be  torn  up  by  this  new  type  of  locomotion. 

However,  numerous  failures  developed  on  these  pavements  which 
iuld  not  be  attributed  to  their  use  by  motor  vehicles  and  which,  after 
ivestigation  as  to  their  cause  by  the  Bureau  of  Public  Roads  of  the 
nited  States  and  other  organizations,  led  to  the  discovery  that  subgrade 
>ils  possess  certain  significant  characteristics.  These  soils  react  accordingly 
nder  particular  conditions  and,  in  doing  so,  they  disturb  and  damage 
ie  pavement  and  even  destroy  it  in  many  cases.  Further  investigation 
ad  studies  of  the  properties  of  soils  and  of  the  means  of  overcoming 
lieir  destructive  reactions  have  led  to  this  new  science  of  soil  engineering 
s it  is  known  now,  but  which  is  yet  at  its  beginning  and  of  which  still 
reater  things  are  expected. 

Today,  it  is  generally  admitted  that  a pavement  is  as  good  as  the 
ase  that  supports  it  arid  no  better  and  that  all  efforts  and  expenses  made 
p built  a durable  ^ancl  smooth  riding  surface  are  futile  if  these  unfavorable 
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reactions  to  which  the  subgrade  is  subjected  are  not  investigated  and  j 
the  proper  means  to  counteract  them  are  not  taken. 

The  purpose  of  this  short  paper  is  not  to  discuss  the  engineeriil 
properties  of  soils  about  which  information  has  recently  been  assembled  j 
text-book  form  by  Mr.  C.  A.  Hogentogler.  It  is  simply  intended  to  recc.l 
briefly  what  are  the  most  important  disturbances  occurring  in  the  sul 
grades  and  what  are  some  of  the  means  known  to  date  to  prevent  the  I 
or  at  least  reduce  their  magnitude. 

MOST  COMMON  CAUSES  OF  PAVEMENT  FAILURES 

Amongst  the  most  common  causes  of  pavement  failures,  which  nrj 
be  attributed  to  the  instability  of  the  subgrade,  are  the  following: 

1.  Plastic  deformation  under  traffic  load  and  impact,  particular:] 
in  cuts  and  shallow  fills  and  volume  change  whenever  unfavorable  sc  j. 
and  moisture  conditions  exist. 

2.  Frost  heaving  due  to  the  deformation  of  growth  of  ice  laye  l 
in  the  subgrade  with  subsequent  collapse  of  foundations  and  pavemen 

3.  Settlement  of  fills,  which  may  last  for  many  years  and  may  1 
quite  irregular,  due  to  the  insufficient  and  uneven  compaction  at  tin: 
of  construction. 

4.  Rebound  in  subgrade  and  expansion  in  fills  after  attempt  In 
been  made  to  compact  soils  possessing  elastic  properties  and  a certaij 
degree  of  cohesion. 

5.  Sliding  of  side  slopes  in  cuts  and  fills  due  to  an  excess  of  moistuij 
in  certain  soils;  insufficient  slope  being  given  or  sliding  over  an  imperviop 
layer  of  soil  underneath. 

These  are  some  of  the  causes  of  the  distortion,  the  deterioration  an 
even  the  destruction  of  many  pavements  which  had  been  laid  with  car' 
so  that  their  surface  might  be  as  nearly  perfect  as  possible.  To  protecj 
them  against  such  deterioration  can  only  be  done  by  getting  at  the  roc! 
of  the  evil,  which  is  now  possible,  thanks  to  this  new  science  of  so- 
engineering. 

Subgrade  Soils  Stabilization 

Although  much  has  yet  to  be  learned  about  more  economical  mean 
of  stabilizing  subgrade  soils,  sufficient  advances  have  already  been  rnadj 
to  be  a great  help  in  doing  so.  The  means  presently  available  are  know! 
to  most  highway  engineers  but,  nevertheless,  a brief  review  of  them  i 
always  advantageous. 

Any  efforts  by  road  building  organizations  to  improve  subgrade  stabilit; 
should  first  be  directed  towards  the  training  of  specialists  for  both  fieL 
and  laboratory  work,  so  that  investigation  of  soil  conditions  may  b 
made  adequately  and  so  that  proper  remedies  be  applied  where  needed! 

Location  and  Profile 

On  new  construction  where  troublesome  soil  conditions  are  detected! 
the  possibility  of  changing  the  location  of  the  road  should  be  studied  firs 
of  all  and,  in  many  cases,  it  will  be  found  possible  and  economical  to  d ; 
so  without  prejudice  to  other  important  standards  of  the  highway. 
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Once  the  proposed  road  has  been  located  definitely  and  a tentative 
Lfile  chosen,  study  should  then  be  made  of  soil  and  moisture  conditions 
ong  this  profile  and,  where  it  is  found  advantageous  to  do  so,  the  profile 
||ould  be  modified  to  best  advantage. 

Water  Most  Disturbing  Agent 

After  both  the  most  suitable  location  and  profile  have  been  chosen, 
her  unfavorable  soil  conditions  still  remain  to  be  dealt  with  which 
jjmnot  always  be  easily  and  economically  remedied. 

The  extent  to  which  remedial  measures  may  be  applied  depends  upon 
lie  importance  of  the  road  and  the  kind  of  surfacing  to  be  built  although 
i many  cases  the  nature  of  the  subgrade  itself  should  influence  the 
lioice  of  the  pavement. 

When  large  structures  are  built,  it  is  necessary,  because  of  the  heavy 
iad  concerned,  to  erect  them  on  very  strong  foundations.  In  the  case 
f roads,  however,  the  loads  to  be  carried  are  small  in  comparison  so 
Lt  most  soils,  in  their  dry  state,  have  nearly  enough  supporting  power 
) resist  to  the  lo'ads  and  shocks  of  traffic  and  are  not  liable  to  suffer 
ny  reactions  that  may  cause  serious  disturbances  in  the  subgrade. 

In  presence  of  an  excess  of  humidity,  it  is  not  so,  however,  and  soils 
jre  affected  in  various  manners  according  to  their  characteristics.  Their 
upporting  strength  may  be  so  reduced  that  they  may  become  quite  un- 
table and  upon  freezing  <and  thawing  they  may  cause  disturbances  so 
reat  as  to  damage  and  even  ruin  the  best  of  pavements.  Alternate 
petting  and  drying  produces  very  detrimental  volume  changes  in  ex- 
iansive  soils. 

Since  water  is  the  cause  of  the  most  important  reactions  to  which 
ubgrade  soils  are  susceptible,  it  is  therefore  towards  the  control  of  this 
dost  disturbing  agent,  which  may  reach  the  subgrade  either  from  the 
urface  or  the  subsurface,  that  the  greatest  attention  should  be  directed. 

Surface  Drainage 

In  dealing  with  surface  water,  it  is  important  to  make  sure  of  its  rapid 
ind  complete  evacuation,  at  all  times,  from  the  surface  of  the  pavement 
md  shoulders  towards  the  side-ditches  and,  therefrom,  towards  the  cross 
iitches  or  streams. 

For  this  reason,  the  pavement  must  have  a sufficient  crown  and  the 
shoulders  a regular  slope  toward  the  ditches.  Shoulders  m particular 
should  never  be  allowed  anywhere  to  act  as  catch  basins  for  surface  waters. 
Culverts  and  bridges  must  always  be  kept  in  good  working  condition  as 
well  as  side  ditches  which  should  be  protected  against  erosion  or  sedi- 

Imentation. 

Special  attention  must  be  given  to  surface  waters  in  late  winter 
and  early  spring  when  snow  and  ice  hampers  its  rapid  evacuation  from 
shoulders,  side-ditches  and  culverts.  Openings  must  be  provided  wherever 
needed  and  as  early  in  these  seasons  as  required. 

Shoulders,  particularly  when  covered  with  grass,  may  allow  enough 
water  to  penetrate  the  roadbed  to  cause  serious  disturbances  therein. 
Treatment  of  these  shoulders  to  make  them  impervious  will  generally  be 
found  of  great  benefit  and  sometimes  essential. 
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SUB-SURFACE  DRAINAGE 


If  the  control  of  surface  waters  to  prevent  them  from  reaching  t | 
subgrade  is  relatively  easy,  the  same  is  not  true  of  sub-surface  wate 

Such  waters  may  be  present  under  three  forms : gravitational  whi 
can  be  drained ; capillary  which  cannot  be  drained  and  hygroscopic  of 
much  less  serious  nature. 

( a ) Gravitational  Waters . 

Sub-drainage  of  roadbeds  to  prevent  gravitational  or  free  waters 
flow  into  them  has  been  attempted  for  years  but,  very  often,  with  : 
little  success  that  many  engineers  doubted  that  efficient  drainage  wj 
possible  and  so  resorted  to  heavier  foundations  and  thicker  pavements  i 
obtain  a more  stable  surface,  only  to  find  these  foundations  partly  goi 
down  into  the  subgrade  in  many  instances  as  well  as  the  pavemen 
damaged  or  ruined  only  a few  years  after  their  construction. 

In  recent  years,  however,  because  of  the  use  of  better  materials  an 
type  of  drains  and  because  especially  of  a better  knowledge  of  soils,  ver 
efficient  sub-drainage  is  possible. 

Many  factors  have  to  be  considered  in  this  work,  such  as  the  nature  c 
the  various  soil  layers  and  their  form;  the  character  of  the  soil  moisture 
the  elevation  of  the  water  table;  the  topography  of  the  region  and  th 
climatic  conditions. 

Soils  vary  in  permeability  according  to  the  relation  of  their  pore' 
and  solids,  and  the  rate  of  percolation  through  a soil  depends  upon  th 
permeability.  It  follows  therefore  that  the  movement  of  gravitational  wate 
in  the  ground  is  to  a large  extent  controlled  by  the  degree  of  permeabilit; 
of  the  various  soil  layers  and  their  formation. 

In  hilly  or  rolling  country,  gravitational  water  reaches  the  roadbe< 
by  the  lateral  movement  it  is  forced  to  take  wdien  the  percolation  rat 
of  a soil  layer  is  lower  than  that  of  the  one  above  it. 

Sub-drain  built  of  porous  materials  can  therefore  be  used  to  intercep 
free  water  moving  laterally  in  the  subgrade  and  by  means  of  a pipe  t< 
which  water  may  have  access,  this  water  can  be  led  by  gravity  to  a prope: 
outlet. 

In  order  to  intercept  or  catch  all  of  the  water  flowing  laterally  o: 
resting  above  an  impervious  soil  layer,  drains  must  be  built  down  to  tha 
layer.  When  this  impervious  layer  is  too  far  below  the  surface,  it  is  no 
possible,  and  perhaps  not  necessary  in  some  cases,  to  build  the  drain  a: 
far  down  but,  even  then,  the  elevation  of  the  water  table  may  be  lowerec 
enough  to  suit  the  purpose. 

Knowledge  of  the  characteristics  of  the  various  soil  layers  as  well  a; 
their  form,  and  knowledge  of  the  direction  in  which  gravitational  waters 
flow  as  well  as  the  elevation  of  the  water  table  is  therefore  essential  ir 
sub-drainage  design. 

When  the  flow  of  the  underground  water  is  transversal  to  the  axis 
of  the  road,  sub-drains  must  be  placed  alongside  the  roadbed  facing  the 
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1>w  of  water.  When  the  flow  is  along  the  axis  of  the  road,  the  drain  must 
|i  placed  diagonally  across  the  road  somewhere  above  the  point  where 
jje  seepage  zone  and  the  subgrade  surface  meet. 

If  water  is  trapped  in  an  impervious  soil  pocket  filled  with  a porous 
|il  a drain  must  be  built  to  free  this  water  from  under  the  roadbed. 

In  flat  or  swampy  country  where  the  water  table  is  level,  with  little 
no  lateral  movement,  but  where  the  water  table  elevation  varies  with 
e amount  of  rain  precipitation,  sub-drainage  is  difficult  and  generally 
Lpossible  due  to  lack  of  outlets. 

Under  such  conditions,  the  possibility  of  lowering  the  elevation  of  the 
ater  table  by  open  ditches  should  be  investigated.  Where  the  water  table 
evation  may  be  lowered  to  a certain  extent  by  means  of  sub-drainage 
I e depth  at  which  they  may  work  must  be  determined.  A drain  on  both 
les  of  the  roadbed  may  be  worth  the  extra  expense. 

(b)  Capillary  Moisture. 

Capillary  moisture  is  that  which  may  move  in  all  directions  into  a 
iil  whose  particles  are  small  enough,  and  which  cannot  be  drained  because 
Le  forces  involved  are  greater  than  that  of  gravity. 

The  finer  the  soil  particles  the  higher  the  capillary  rise,  and  the 

>arser  they  are  the  greater  is  the  rate  of  flow. 

The  fact  that  there  is  a limit  to  the  capillary  rise  of  moisture  above 
Le  level  of  the  free  water  supply  for  each  kind  of  soil  makes  it  possible 
control  to  a certain  extent  the  height  of  the  capillary  fringe.  If,  there- 
|re,  sub-drainage  cannot  remove  capillary  water,  it  is  nevertheless  useful 
> ^wer  the  capillary  fringe  by  lowering  the  elevation  of  the  water 

ible. 

Excess  capillary  moisture  reduces  the  bearing  power  of  soils  and 
hen  such  conditions  exist  close  enough  to  the  road  surface,  plastic  de- 
)rmation  of  the  soil  may  take  place  under  traffic  and  detrimental  volume 
langes  may  occur.  Capillary  moisture  is  most  objectionable,  however, 
hen  it  supplies  the  water  necessary  to  the  growth  of  ice  layers  in  the 
Dadbed. 

Frost  Heaving 

In  regions  of  low  temperature  in  winter,  the  most  frequent  and 

3rious  damages  to  pavements  are  due  to  the  freezing  of  capillary  water 
articles  in  the  larger  soil  pores  which  draw  to  themselves  the  non- 

reezing  water  particles  of  the  smaller  pores.  As  new  water  particles 
re  drawn  and  frozen,  due  to  a free  water  supply  below,  the  roadbed 
nd  pavement  are  lifted  to  make  room  for  the  growing  ice  layers  and 
re  there  seriously  damaged. 

In  the  spring,  upon  thawing  of  the  roadbed  and  ice  layers,  the  excess 
f water  present,  which  cannot  escape  through  the  still  frozen  soil  layers 
uderneath,  turns  the  subgrade  into  an  almost  liquid  mud.  Under  traffic, 
specially,  the  foundations  are  dislocked  and  sunk  into  the  roadbed  while 
he  pavement  is  damaged  and  eventually  ruined.  Closing  of  the  road  to 
raffic  during  the  thawing  period  protects  the  road  considerably  but 
s of  great  inconvenience  to  the  public. 

To  prevent  or  reduce  frost  heaving,  study  must  be  made,  whenever 
t is  liable  to  happen,  of  the  best  remedial  measures  to  be  taken. 
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The  first  remedial  measure  to  be  considered  is  that  of  sub-draina 
by  means  of  which  the  free  water  supply  may  be  intercepted  or  t 
water  table  lowered  sufficiently  to  bring  the  capillary  fringe  below  til 
frost  penetration. 

When  it  is  found  impossible  with  sub-drainage  to  lower  the  capilla:  | 
fringe  out  of  reach  of  frost  penetration,  or  enough  to  reduce  frost  heavidl 
appreciably,  other  possible  remedial  measures  must  be  studied. 

One  of  these  measures  is  that  of  raising  the  roadbed  over  the  tot 
thickness  of  frost  penetration  with  suitable  materials  such  as  sand,  grav 
or  stone.  This,  however,  would  often  be  too  costly  so  that,  for  reasons  cl 
economy,  these  materials  are  generally  laid  over  a less  thickness  wit* 
very  good  results  when,  by  doing  so,  the  capillary  fringe  is  kept  entirell 
or  even  partly,  below  the  frost  penetration  depth.  In  recent  years,  it  hr ' 
been  the  practice  in  the  Province  of  Quebec  to  lay  a sand  cushion,  eigll 
to  twelve  inches  thick,  over  the  whole  width  of  the  subgrade  on  all  inj  I 
porta  it  new  construction.  These  sand  cushions,  in  some  cases  howeve 
have  not  proved  to  be  a sufficient  provision  against  damages  by  frosl 
which  reaches  from  three  to  four  feet  in  the  ground. 

When  a layer  of  sand  or  of  any  granular  material  is  thus  used,  it  ii 
important  to  provide  adequate  drainage  to  it  and  also  to  prevent,  by  sui| 
able  means,  water  entering  it  from  the  surface  as,  otherwise,  such  a san 
layer  might  prove  to  be  very  detrimental  rather  than  beneficial. 

Another  measure  consists  in  placing  an  impervious  layer  in  the  roac 
bed,  a bituminous  one  for  example,  so  as  to  cut  off  the  capillary  ris 
of  water  into  the  total  or  partial  depth  of  frost  penetration.  The  capillar  i 
rise  may  also  be  cut  off  by  means  of  a layer  of  soil  of  low  capillarity  whosj 
thickness  must  be  greater  than  the  capillary  capacity  of  the  materia' 
used. 

Settlement  of  Fills 

In  the  building  of  fills  the  compressibility  of  the  material  used  aj 
well  as  that  of  the  soil  supporting  it  is  a matter  requiring  due  attention; 
especially  because  of  the  present  needs  for  higher  embankment  in  mamjl 
places. 

Fills  which  have  not  been  compacted  sufficiently  nor  uniformly  during 
construction  will  continue  to  settle,  sometimes  for  many  years,  and  thujl 
cause  disturbances  in  the  subgrade  and  damage  to  the  pavement. 

When  granular  materials  are  used  a higher  degree  of  stability  may  bq 
obtained;  compaction  is  more  rapid  and  settlement  smaller.  Any  mechanica 
device  that  will  apply  sufficient  load  or  pressure,  such  as  flat  wheel  rollers! 
tractors  and  tamping  machines,  will  consolidate  the  soil  downwards  oveij] 
the  whole  thickness  of  each  layer  and  compaction  at  optimum  moisture 
content  is  not  essential. 

When  plastic  soils  are  used  they  are  loosened  and  contain  a lariej 
number  of  clods  after  being  excavated  from  cuts  or  borrows.  Settlement  is] 
considerable  and  slow,  so  greater  care  must  be  taken  in  the  eonstructiorj 
of  fills  made  up  of  these  materials.  The  stability  of  such  fills  depends! 
on  the  densification  of  the  soil  which  cannot  be  obtained  by  merely] 
applying  pressure  upon  them.  The  soil,  placed  in  small  layers  of  ter 
to  twelve  inches  in  depth,  must  be  compacted  from  the  bottom  up  by; 
means  of  appropriate  machines  such  as  the  sheeps  foot  roller  whose  prongs! 
penetrate  into  the  soil  and  thus  reduce  the  larger  voids  to  a minimum. 


However,  this  is  not  sufficient,  and  so  that  these  soils  may  become 
,table  enough,  it  is  also  necessary  that  the  smaller  voids  be  reduced  by  com- 
pacting the  soil  at  its  optimum  moisture  content  (approximately  equal 
So  its  plastic  limit).  Thus  the  particles  will  be  lubricated  sufficiently  to 
dide  into  a position  occupying  the  least  space  possible.  A moisture  content 
jvhich,  during  compaction,  exceeds  the  ideal  one,  not  only  prevents  proper 
lensification  because  it  fills  the  soil  pores  but  also  decreases  the  stability 
!>f  the  soil  and  upon  drying  will  cause  the  soil  to  shrink  and  crack,  and 
jhis  very  appreciably  in  some  cases,  thus  facilitating  penetration  by 
water. 

Elastic  soils  should  not  be  used  in  the  construction  of  fills.  Such  soils 
jvhen  possessing  a certain  degree  of  cohesion  may  remain  compressed  to  a 

!;ertain  extent  when  pressure  is  applied  to  them,  and  later,  in  presence 
>f  water,  they  will  expand  thus  reducing  the  stability  of  the  fill  and 

Reformation  of  the  pavement. 

Swamps 

When,  for  some  reasons,  it  has  been  found  impossible  to  change 

[he  location  of  a road  so  as  to  avoid  an  area  of  inconsistent  soil,  what 

nay  be  done  then  to  obtain  a stable  subgrade  depends  a great  deal  on 

;he  importance  of  the  road,  the  depth  and  moisture  content  of  the  soil 

md  the  height  of  the  fill  to  be  built. 

The  possibility  of  economical  drainage  of  the  area  should  first  be 

studied.  A reduction  of  the  moisture  content  may  often  increase  the 
stability  enough  to  permit  the  construction  of  a fill  over  the  natural  soil. 

Removal  in  all  cases  of  the  inconsistent  soil  over  the  entire  depth, 
md  its  replacement  with  suitable  material  is  of  course  greatly  preferable 
hut  not  always  possible  in  all  cases  for  measures  of  economy. 

Swamps  of  shallow  depths,  say  5 feet  or  less,  made  up  of  a very 

Inconsistent  soil,  should  be  excavated,  removed  and  replaced  with  a 
suitable  material.  If,  however,  it  is  not  too  inconsistent  and  if  covered 
with  a strong  meadow  mat,  a fill  may  be  built  over  it,  the  weight  of 
which  will  cause  the  soil  underneath  to  flow  gradually  until  a relative 
state  of  equilibrium  is  reached  after  which,  only,  the  pavement  should 
De  built.  When  the  weight  of  a fill,  eight  feet  or  more  in  height,  is  not 
sufficient  to  displace  the  underlying  soil,  trenches  may  be  dug  on  each 
side  and  filled  with  sand,  gravel  or  stone  to  prevent  future  settlement. 

In  swamps  more  than  about  5 feet  in  depth,  the  soil  must  be  removed 
by  the  most  economical  means.  The  weight  of  the  fill  sometimes  may  be 
sufficient  to  displace  the  soil  underneath,  but  otherwise  it  must  be  ex- 
cavated. When  of  greater  depths,  it  may  be  displaced  by  means  of  ex- 
plosive. 

In  all  cases  of  materials  partially  or  totally  displaced,  the  fill  should 
consist  of  very  stable  materials,  sand,  gravel  or  stone  at  least  to  a 
Iheight  above  the  ground  level,  exceeding  the  capillary  capacity  of  the 
material  used. 

Sliding  of  Side  Slopes  of  Cuts  and  Fills 

Another  cause  of  damages  to  roadbed  and  pavement  is  the  sliding 
tof  side  slopes  of  cuts  and  fills. 

Embankments  made  of  fine  materials  which  contain  a large  amount 
jof  moisture  when  being  built  or  later  soaked  by  rainwaters  have  a tendency 
to  flow  laterally.  Fine  sands  with  a small  amount  of  clay  or  silt  can  absorb 
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enough  water  co  become  very  susceptible  to  such  flow  and  may  start  1 j 
slide,  particularly  under  vibration  produced  by  traffic.  Such  sliding  ma  1 
also  occur  in  cuts. 

The  kind  of  material  used  and  moisture  conditions  are  not  alwaj  1 
the  cause  of  such  slidings  which  may  be  due  to  insufficient  slope  bein  •) 
given  to  sides  of  cuts  and  fills. 

For  non-cohesive  soils  the  natural  slope  of  the  material  may  provt 
sufficient  whatever  the  height  of  the  fill,  but  for  cohesive  ones  the  slop  •) 
to  be  given  must  suit  the  particular  soil  used  and  the  height  of  the  en 
bankment  or  trench.  The  greater  the  height,  the  flatter  the  slope  must  b< 

Sliding  of  side  slopes  in  cuts  may  also  be  caused  by  a lubricated  surl 
face  of  soil  underneath  which  can  be  remedied  by  sub-drainage,  afte 
a close  study  has  been  made  of  soil  and  moisture  conditions  in  eac  * 
particular  case. 

Foundations 

The  review  just  made  concerns  chiefly  some  of  the  most  commoijJ 
causes  of  pavement  failures  due  to  subgrade  soils  reactions.  But  roadbedsll 
even  when  protected  against  such  reactions,  are  not  as  a rule  strong ; 
enough  to  offer  adequate  resistance  to  the  load  and  shocks  of  moder]  i 
traffic  which  is  transmitted  to  it  through  the  pavements.  The  variation 
in  the  supporting  power  of  subgrade  soils,  from  one  place  to  another!! 
requires  that  an  adequate  factor  of  safety  be  provided  so  that  th< 
smooth  riding  qualities  of  the  surface  may  be  preserved. 

This  supporting  power  may  be  increased  by  stabilization  of  the  fim  \ 
grained  or  poorly  graded  soil  of  which  the  subgrade  is  usually  composed; 
This  may  be  done  by  admixtures  of  either  bituminous  materials  or  port 
land  cement,  and  by  blending  of  the  soil  with  coarser  aggregates  sucl 
as  sand,  gravel,  quarry  waste,  or  other  granular  materials  which  permf 
a reduction  in  the  amount  of  stabilizer  used. 

When  well  graded  materials  are  available  at  reasonable  cost  it  is 
preferable  to  build  a foundation  of  gravel,  or  crushed  stone,  which  is  madt 
more  stable  by  adding  and  proportioning  the  quantities  of  frictional;! 
and  cohesive  materials  that  may  be  required.  Such  a foundation  when! 
compacted  or  densified  with  admixtures  of  a stabilizing  chemical,  such* 
as  sodium  or  calcium  chloride,  will  distribute  the  load  and  shocks  of 
traffic  over  a much  wider  surface  than  a non-stabilized  layer  of  the 
same  thickness.  According  to  Mr.  Gray,  chief  engineer  of  the  Asphalt 
Institute,  a stabilized  base  of  six  inches  is  unquestionably  superior  to  a 
non-stabilized  one  eight  (8)  to  ten  (10)  inches  thick. 

Stabilized  bases  also  have  the  great  advantage  of  providing  an  im- 
pervious layer  over  the  roadbed  against  the  penetration  of  surface  water; 
of  permitting  earlier  construction  of  the  pavement  and  of  facilitating 
circulation  over  the  road  when  detours  are  difficult.  Weak  spots  in  the 
subgrade  which  may  have  been  overlooked  during  construction  are  more  l 
easily  detected  before  surfacing  when  the  base  has  been  stabilized. 

Conclusion 

In  conclusion,  it  may  be  said  that  every  country,  state  or  province  has 
subgrade  problems  of  its  own,  which  differ  according  to  soil,  climatic 
and  other  conditions  but,  whatever  these  problems  may  be,  their  solution 
lies  on  subgrade  investigation  and  stabilization  based  on  the  knowledge  I 
of  the  engineering  properties  of  soils. 
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Durability  of  Asphaltic  Binders 


c.  l.  McKesson 

Director  Engineering  and  Research, 

American  Bitumuls  Company, 

San  Francisco,  California 

At  the  1937  meeting  of  the  Montana 
National  Bituminous  Conference  at  Glacier 
National  Park,  Mr.  Skarin,  of  Alberta,  made 
a statement  1 of  utmost  significance  to 
producers  and  users  of  asphaltic  road  ma- 
terials. He  pointed  out  that  he  had  been 
}, 'connected  with  a Paving  Company  which 
lias  built  pavements  continuously  since  1905, 
and  that  in  the  early  days  they  were  able 
to  lay  sheet  asphalt  and  asphalt  concrete 
pavements  without  many  cracks  occurring. 

“In  recent  years,”  he  stated,  “it  seems 
next  to  impossible  to  lay  those  pavements 
'without  cracks,  using  the  same  methods 
and  materials,  the  only  change  being  that 
we  now  have  better  equipment.”  He  went 
on  to  say,  “I  have  noticed  pavements 
laid  20  and  25  years  ago,  and  feel  rather 
ashamed  to  come  back  to  the  pavements 
laid  4 or  5 years  ago  and  see  how  much  more  they  are  cracking  than  those 
of  25  years  ago.”  Later  Mr.  Skarin  stated  that  the  asphalts  are  not  from 
the  same  sources  as  those  used  in  earlier  pavements. 

Mr.  Benson,  of  Kansas,  followed  with  a discussion 2 of  pavements  laid 
in  1911  and  1917.  He  said  that  the  sheet  asphalt  pavement  laid  in  1911 
'is  still  in  excellent  condition,  and  that  the  asphalt  recovered  by  extrac- 
tion now  has  a penetration  of  21  and  a ductility  of  150+ . He  said  that 
the  second  sheet  asphalt  pavement,  laid  in  1917,  was  badly  cracked  and 
had  large  areas  requiring  replacement  in  the  winter  of  1936  and  1937. 
JA  sample  of  the  asphalt  extracted  from  this  1917  pavement  shows  onlv 
n penetration  and  4 cm.  of  ductility.  He  made  the  further  comment : 
“The  ma+s  constructed  of  MC  cutback  material  were  very  hard  and  soon 
cracked  badly.  The  1936  extractions  on  eight  1935  construction  projects 
in  which  thirteen  extractions  were  run,  gave  asphalts  from  45  penetration 
in  two  samples  to  as  low  as  13  penetration  in  one  sample.  The  age  of  th^ 
materials  extracted  was  10  to  14  months.  . . . These  cutbacks  originally 
had  a penetration  of  109  to  151.  The  highest  penetration,  that  of  151, 
dropped  to  19  at  the  end  of  12  months.” 

These  comments,  one  coming  from  a capable  practical  paving  man  with 
many  years  of  bituminous  paving  experience,  and  the  other  from  an  able 
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young  asphalt  technician  who  has  done  some  splendid  independent  re; 
search  work,  are  chosen  as  being  typical  expressions  of  the  uneasines  i 
which  at  this  time  is  felt  amongst  those  closely  allied  with  the  pavin 
and  road-building  industry,  — both  by  producers  and  users. 

The  first  fundamental  in  the  construction  of  any  pavement  or  roal 
surfacing  is  that  the  asphaltic  material  must  be  suitable,  — not  necessarill 
merely  suitable  at  the  time  of  use,  but  durable  and  capable  of  functioninJ 
as  an  effective  binder  during  the  expected  life  of  the  pavement. 

With  the  thought  of  promoting  discussion  and  constructive  criticism,  th 
following  items  are  presented  as  considerations  of  vital  importance  in  bitumi 
nous  road  construction : 

1.  A bituminous  road  may  fail  to  give  expected  service  because 
of  unsuitable  aggregates,  or  filler,  inadequate  subgrade  or  base, 
or  improper  methods  of  construction,  but  no  bituminous  road 
can  be  durable  if  the  asphaltic  binder  does  not  retain  its  ductility 
in  the  pavement. 

2.  The  binder  left  in  the  road  is  the  residual  asphalt  re- 
maining after  evaporation  and  oxidation  of  the  lighter  fractions,  if 
any,  and  the  continued  oxidation  of  the  residuum  remaining  as 
a coating  on  mineral  particles,  whether  the  road  be  constructed 
with  hot  asphalt,  emulsified  asphalt,  cutback,  or  road  oil. 

3.  A brittle  residual  asphalt  cannot  produce  a tough,  flexible 
road  surfacing. 

4.  Painstaking  attention  has  beeen  given  to  physical  tests  of 
bituminous  binders  at  the  time  of  use  and  generally  very  little  at- 
tention to  the  quality  and  durability  of  the  binder  which  remains 
in  the  road  after  exposure  to  oxidation. 

5.  Many  of  the  usual  specification  requirements  are  identifica- 
tion tests  adopted  by  the  user  and  represent  merely  one  or  more 
of  the  properties  of  some  particular  binder  with  which  the  user 
has  had  success.  Usually,  the  success  in  the  pavement  was  due  to 
some  other  property  not  known  or  understood,  and  the  identification 
tests  were  thereafter  included  in  an  effort  to  get  the  same  as- 
phaltic binder.  Identification  tests  are  readily  overcome  by  skillful 
manufacture  even  with  unsuitable  crudes,  and  such  tests  are,  there- 
fore useless  and  misleading. 

The  standard  tests  for  bituminous  material  are  usually  only 
measures  of  the  consistency,  (penetration,  viscosity,  float  test,  etc.), 
of  the  ductility  at  the  time  of  manufacture,  and  of  solubility.  If 
a proper  asphaltic  crude  has  been  used,  these  tests  do,  to  some 
extent,  insure  proper  manufacture.  Skillful  technicians,  however, 
can  produce  the  same  physical  properties  from  non-asphaltic  or 
semi-asphaltic  crudes  and  from  such  crudes,  these  test  methods 
merely  insure  usable  asphaltic  binder  without  reference  to  its 
durability. 

6.  It  is  easily  possible  to  make  poor  asphaltic  binders  from 
good  crude,  but  it  is  extremely  doubtful  if  really  good  asphaltic 
binder  can  ever  be  made  from  unsuitable  crude  petroleum. 
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7.  Asphaltic  binders  intended  for  use  cold,  or  at  low  tempera- 

tures, such  as  cutbacks,  road  oils  and  asphaltic  emulsions,  cannot 
be  better  than  the  asphalt  from  which  they  are  made.  Solvents  in 

cutbacks,  upon  evaporation  or  oxidation,  do  not  build  up  body  in 

the  asphalt,  or  add  to  its  ductility.  They  may  even  hasten  oxida- 
tion and  brittleness.  Heavy  oils  from  suitable  crudes,  whether  in 

road  oils  or  in  light  asphalt,  may  add  to  the  quantity  and  quality 

of  the  residual  asphalt  upon  oxidation. 

8.  Standard  tests  plus  new  test  methods  described  in  recent 
technical  literature,  with  some  possible  modifications,  can  be  made 

I to  show  the  suitability  of  a binder,  before  its  use,  and  give  reason- 
able indication  of  its  durability. 

9.  Soft  asphalts,  if  properly  made,  have  longer  useful  life 
than  hard  asphalts.  The  required  stability  can  be  obtained  by  the 
use  of  thinner  films  with  soft  asphalt,  and  will  result  in  longer 
life  than  can  be  obtained  from  hard  asphalt  in  thicker  films. 

10.  Ductility  is  the  most  important  physical  property  of  as- 
phalt or  asphaltic  residuum  recovered  from  pavements.  Penetra- 
tion of  the  asphalt,  or  of  asphaltic  residue,  is  relatively  unimportant, 
except  that  low  penetrations  are  frequently  indicative  of  low  duc- 
tilities. The  old  theory  that  it  was  necessary  to  use  hard  asphalt  in 
order  to  secure  stability  is  entirely  erroneous,  and  has  been  the 
direct  cause  of  extensive  pavement  failures. 

The  Aging  of  Asphaltic  Materials  in  Road  and  Street  Surfaces 

It  has  long  been  known  that  asphalt  hardens  and  becomes  more 

brittle  as  it  ages  in  a pavement,  due  to  air  oxidation.  Hubbard  and  Reeves, 
in  1912,  gave  a very  interesting  paper 8 which  showed  a native  asphalt 
hardening  from  51  to  12  penetration  during  12  months  of  outdoor  ex- 
posure in  a box  with  a plate-glass  cover.  An  oil  asphalt,  in  the  same 

test,  dropped  from  228  to  55  penetration  and  a petroleum  residuum  which 
was  too  soft  for  a penetration  at  the  beginning  of  the  test,  had  a penetra- 
tion of  73  after  12  months. 

No  reliable  method  of  extracting  and  recovering  asphalt  from  pave- 
ment without  greatly  changing  its  properties,  was  recognized  until  the 
publication,  in  1933,  of  the  Abson  Test  Method4.  Lacking  means  of  re- 
covering asphalt  without  seriously  altering  its  properties,  most  paving 

engineers  were  not  fully  aware  of  the  rapid  hardening  which  occurs  during 
the  mixing  of  a hot  pavement,  or  that  early  cracking  in  pavement  is 

| frequently  due  to  the  rapid  increase  in  hardness  and  loss  of  ductility 
of  the  asphaltic  materials  in  the  pavements  under  traffic,  or  that  many 
asphalts  are  susceptible  to  extremely  rapid  deterioration  of  this  kind. 

Since  a tool  for  recovery  has  been  provided  engineers  in  the  form 
of  the  Abson  Test,  more  progress  has  been  made  in  studying  the  aging 
of  asphaltic  materials  in  road  surfaces  than  in  all  preceding  time.  Many 
splendid  research  papers  have  been  written,  some  of  which  will  be  re- 
ferred to  herein.  It  is  now  generally  recognized  that  cracking  in  pave- 
ment is  frequently  due  to  air  oxidation  of  the  asphalt,  in  hot  mixes  at 
the  time  of  mixing,  and  in  all  pavements  after  laying.  It  is  also  known 
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that  different  asphalts  perform  differently,  some  oxidizing  rapidly  anc.l 
others  very  slowly.  While  most  of  the  papers  already  presented  dea 
with  paving  asphalt  in  hot  mixed  pavements,  the  same  problem  exist 
in  asphaltic  surfacing  where  cold  liquid  binders  are  used.  Note  again  th 
comment  by  Benson2  quoted  in  the  second  paragraph  of  this  paper. 

The  usual  specification  physical  test  requirements  give  little  or  noil 
indication  of  future  performance  of  an  asphaltic  binder.  Zapata0  points  ou 
that  when  two  oils  from  different  sources  were  used  on  adjacent  sections, 
of  one  road,  one  oil  produced  a mat  that  remained  well  bonded,  and  coulc  i 
be  lifted  in  chunks,  and  the  other  oil  produced  a mat  that  was  loose,' 
brown  and  crumbly.  Both  oils  met  the  same  specification  tests.  Traffic 
aggregate,  weather  and  subgrade  conditions  were  identical.  This  observa 
tion  has,  doubtless,  been  duplicated  by  every  engineer  experienced  in  as 
phaltic  construction. 

Research  Methods  and  Studies 

Several  methods  of  determining  the  effect  of  aging  on  asphaltic 
materials  have  been  proposed  by  our  leading  asphaltic  technicians  and 
results  obtained  have  been  described  in  their  recent  papers.  Skidmore 
and  Abson6,  Hubbard7,  and  Steinbaugh  and  Brown8,  use  the  Abson  Method 
of  recovery  and  make  tests  on  asphalts  recovered  from  pavement  and  from 
laboratory  mixes  after  heat  treatment.  Nicholson9  describes  an  air  blow- 
ing test,  and  Raschig  and  Doyle10  describe  a similar  test  with  different  I 
apparatus.  Benson11  describes  a splendid  study  of  oxidation  of  asphaltic  I 
materials  spread  in  thin  films  on  glass  slides  under  different  methods  of 
exposure.  Raschig  and  Doyle12  also  propose  flexural  strength  tests  for  1 
specimens  sawed  from  pavement  and  molded  from  laboratory  mixes.  Zapata5 
reports  a study  of  the  changes  in  the  composition  of  asphaltic  materials 
due  to  weathering. 

All  of  these  papers  apparently  lead  to  the  same  general  conclusions,  i 
probably  the  most  important  of  which  are : 

1.  That  asphaltic  materials  harden  when  exposed  to  air  and/or 
light. 

2.  That  asphaltic  materials  also  decrease  in  ductility  when 
aged  in  pavement  or  subjected  to  accelerated  oxidation  tests.  (No 
definite  replationship  is  shown  between  penetration  and  ductility.) 

3.  That  the  differences  in  performance  of  the  asphalts  may 
be  due  to  differences  in  the  crude  from  which  the  asphalts  are 
produced  or  from  different  methods  of  refining,  or  both. 

Tables 

Although  much  valuable  data  has  been  presented  in  the  many  papers 
already  referred  to,  and  these  data  will  be  mentioned  later  in  this  paper, 
ten  additional  tables  are  here  included. 

The  Asphalt  Division  of  the  Department  of  Public  Works  of  Detroit,  I 
Michigan,  under  the  direction  of  Clarence  A.  Proctor,  has  done  extensive  1 
research  work  on  oxidation  during  recent  years,  and  the  writer  has  |j 
been  given  premission  to  use  some  of  their  data.  Grateful  acknowledgment 
is  here  made  to  Mr.  Proctor,  Mr.  C.  L.  Shattuck,  in  charge  of  the  Bitumi- 
nous Laboratory,  and  to  Mr.  R.  G.  Cobb,  who  assisted  in  the  work. 
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TABLE  1 

DECREASES  IN  PENETRATION  AND  DUCTILITY 

(2,000  Gram  Samples) 

ASPHALT  CONCRETE:  56%  ROCK,  31%  SAND,  6%  ASPHALT 
MIXED  AND  HEATED  at  338° -356°  F. 


PENETRATION 

AT  77°  F. 

DUCTILITY 

AT  77°  F. 

Source  of  Orig.  Pen. 

Minutes  Heated  Orig.  Due. 

Minutes 

Heated 

Crude 

Asphalt 

30 

60 

90  120  Asphalt 

30 

60 

90  120 

Texas 

56 

43.5 

36 

26.5  25 

150+ 

54 

20 

7.5 

6 

Mexico 

51 

43 

36 

31  27 

150+ 

54 

20 

7.5 

6 

Mexico 

51 

36 

31.5 

24  25 

146 

42.5 

22 

7.5 

7.5 

[California  67 

51 

44 

24  24 

100+ 

100+ 

100+ 

100+  100+ 

1 

TABLE 

2 

DECREASES 

IN 

PENETRATION  AND  DUCTILITY 

(1,200  Gram 

Samples) 

SHEET  ASPHALT:  75%  SAND,  15%  FILLER,  10%  ASPHALT 

MIXED  AND  HEATED 

AT  375°  - 400°  F.  IN  LARGE  OVEN  AND 

STIRRED  EVERY 

15  MINUTES 

PENETRATION 

AT  77°  F. 

DUCTILITY  AT  77°  F. 

Source 

Orig. 

Orig. 

1 Of 

Specific 

Pen. 

Minutes  Heated 

Ductility 

Minutes  Heated 

Crude 

Gravity 

Asph. 

30 

60  90 

120 

Asphalt 

30 

60  90 

120 

Texas 

1.020 

51 

25 

20  17 

13 

100+ 

8 

7 3 

2 

Texas 

1.020 

52 

29 

23  21 

16.5 

100+ 

4.5 

3.5  3 

2.5 

jMexico 

1.044 

55 

49 

27  27 

21 

100+ 

15 

7 7 

5 

Mexico 

1.044 

55 

35 

31  23 

18 

100+ 

33.5 

16  5.5 

4.5 

Mexico 

1.043 

53 

35 

24  21 

17 

100  + 

22.5 

7 5 

4 

California  1.013 

67 

33 

20  16 

16 

100+ 

100  + 

100+  15 

17.5 

Note:  In  these  tests  penetrations  all  decrease  similarly  in  degree,  but  ductilities 
do  not. 


Tables  1 to  4,  inclusive,  consist  of  data  furnished  by  Mr.  Shattuck. 
Table  1 shows  decreases  in  penetration  and  ductility  of  asphalt  extracted 
jby  Abson  Method  from  laboratory-made  asphaltic  concrete,  due  to  main- 
taining mixtures  at  an  elevated  temperature  for  periods  of  time  cor- 
responding to  the  time  necessary,  under  varying  conditions,  to  mix,  haul 
and  place  asphaltic  mixtures. 

Table  2 shows  similar  tests  with  sheet  asphalt  mixes.  These  tests 
| show  serious  decreases  in  ductility  as  a result  of  heat  treatment,  and  since 
1 1936  Detroit  has  made  Abson  Recovery  tests  on  all  asphaltic  mixes  laid 
in  that  city.  The  ductility  and  penetration  decreases  shown  in  Tables  1 
| and  2 were  found  to  be  similar  to  those  which  occurred  in  the  regular 
plant  mixtures.  As  a result,  the  City  now  specifies  and  uses  asphalts  which 
do  not  show  excessive  decrease  in  penetration  and  ductility  during  mixing 
and  placing,  or  after  the  pavement  is  laid. 

Studies  were  made  of  existing  streets  in  Detroit  and  the  present 
ductility  and  penetration  of  the  asphalt  determined.  The  result  of  this 
study  is  shown  in  Table  3,  in  which  three  21  to  26-year  old  pavements 
were  found  to  contain  asphalt  with  ductility  (at  77°  F.)  of  10  to  22, 
while  6-year  old  badly  cracked  pavements  showed  ductilities  ranging  from 
4 to  21. 

Mr.  Shattuck  devised  oxidation  tests  to  simulate  in  effect  the  aging 
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of  asphalt  in  pavement.  Method  “AM  uses  Ottawa  Sand  (20/30  mesh)  t 
eliminate  dust  and  filler  in  the  extracted  sample.  Method  “B”  run  fc 
comparison,  uses  a sheet  asphalt  grading.  The  two  tests  are  made  g 
follows : 

“A”  Ottawa  Sand  Mix. 

(1)  Aggregate  3,700  grams  20/30  mesh  Ottawa  Sand. 

(2)  Asphalt  300  grams  Asphalt  Cement  (7.5%  AC). 

(3)  Mixing  Temperature  325°  F.  to  350°  F. 

(4)  Mixing  Time  — 3 minutes  (hand  mixed  with  spatula). 

(5)  Sample  split  into  two  portions  of  2,000  grams  each,  placed 
in  shallow  pans  and  placed  in  electric  oven  for  one  hour.  After 
time  has  elapsed,  the  mixture  is  removed  from  oven,  stirred 
for  two  minutes,  the  bitumen  then  extracted  and  recovered, 
using  Abson  Method.  The  recovered  bitumen  then  tested  for 
penetration  at  77°  F.  and  Ductility  at  60°  F.  and 
77°  F. 

“B”  Sheet  Asphalt  Mix. 

(1)  Aggregate  3,000  grams  Asphalt  sand  graded  as  follows:  (75% 


of  total  mix). 

Passing  8 mesh,  Retained  40  mesh  _ 22% 

Passing  40  mesh,  Retained  80  mesh  50% 

Passing  80  mesh,  Retained  200  mesh  25% 

Passing  200  mesh,  3% 

(2)  600  grams  Solvay  Limestone  Dust  graded  as  follows:  (15% 
of  total  mix). 

Passing  50  mesh  100% 

Passing  200  mesh  85% 

(3)  Asphalt  400  grams.  (10%  of  total  mix). 

(4)  Mixing  Temperature  325°  F.  to  350°  F. 


(5)  Mixing  Time  — 3 minutes  (hand  mixed  with  spatula). 

(6)  Procedure  same  as  the  Ottawa  sand  mix. 

TABLE  3 

DUCTILITY  AND  PENTRATION  OF  ASPHALT  IN 
SHEET  ASPHALT  PAVEMENTS  IN  DETROIT 

Asphalt  Recovered  by  Abson  Process* 


Penetration  at  Ductility  at 


Age  at 
Test 

Condition  at 
Time  of  Test 

Source  of 
Asphalt 

% Asphalt 
Recovered 

% 200 
Mesh 

77 

Orig. 

0 F. 
Present 

77' 

Orig. 

5 F. 
Pres- 
ent 

26  Years 

Good 

Calif. 

9.90 

7.5 

60.7 

23 

110+ 

10 

22  Years 

Good 

Calif. 

9.70 

8.7 

Unknown 

10 

110+ 

18 

21  Years 

Good 

Badly 

Calif. 

9.70 

9.8 

Unknown 

25 

110+ 

22 

6 Years 

Cracked 

Badly 

Mexico 

9.5 

9.4 

41 

30 

110+ 

21 

6 Years 

Cracked 

Badly 

Mexico 

9.7 

8.5 

41 

12 

100+ 

4 

6 Years 
6 Years 

Cracked 
Aver.  18 
Badly 
Cracked 
Streets 

Mexico 

Mexico 

9.1 

7.9 

40 

41 

16 

24 

110+ 

110+ 

4 

14 

* Tests  by  Proctor  and  Shattuck,  Detroit  City  Asphalt  Laboratory. 
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TABLE  4 


OXIDATION  AND  RECOVERY  TESTS 
ASPHALTS  FROM  VARIOUS  SOURCES 

February,  1936.  City  of  Detroit  Paving  Laboratory 


Original  A.C.  Ottawa  Sand  Mix  (A)  Sheet  Asph.  Mix  (B) 
1 Hour  at  350°  F.  1 Hour  at  350°  F. 


Lab.  Kind  of 

No.  Asphalt 

Pen.  at 
77°  F. 

Duct,  at 
77°  F. 

Pen. 
77°  F. 

Ductility 
77°  F.  60°  F. 

Pen. 
77°  F. 

Ductility 
77°  F.  60°  F. 

1 California  

55 

110+ 

34 

110+ 

110+ 

28 

110+ 

14.5 

2 *Mexican  

54 

110+ 

34 

17 

7 

127 

11 

0 

3 Venezuelan  

55 

110+ 

26 

6.5 

4.5 

20 

6 

4 

4 Columbian  

51 

110+ 

23 

11 

4 

_ 

— 

— 

64 

110+ 

— 

— 

— 

22 

4.5 

3.5 

5 ^Mexican  

54 

110+ 

20 

5 

4 

23 

6 

4 

6 Venezuelan  

54 

110+ 

24 

8.5 

4.5 

24 

7.5 

4.5 

7 Domestic,  Cayuga.. 

55 

110+ 

25 

10 

4 

— 

— 

— 

63 

110+ 

— 

— 

— 

25 

7.5 

3 

8 *Mexican  

55 

110+ 

24 

9.5 

5 

20 

5.5 

4 

9 Domestic  (Law) 

58 

110+ 

31 

22.5 

5.5 

— 

— 

— 

Texas  

64 

110+ 

— 

— 

— 

25 

5 

3.5 

10  Domestic,  Arkansas 

51 

110+ 

29 

15.5 

5 

— 

. — 

— 

63 

110+ 

— 

— 

— 

24 

4 

3 

11  * Mexican  

56 

110+ 

22 

5 

3.5 

— 

— 

— 

65 

110+ 

— 

— 

— 

25 

3.5 

3 

12  Domestic  (Whiting) 

56 

110+ 

36 

8 

8 

31 

4.5 

3 

* The  four  samples  of  Mexican  Asphalt  are  from  four  refiners. 


Table  4 includes  data  obtained  by  these  tests  using  various  asphalts. 
The  similarity  of  results  between  the  two  tests,  and  with  results  of  the 
i tests  shown  in  Tables  1,  2 and  3,  is  striking.  Since  these  tests  were 
made,  Mr.  Shattuck  has  designed  a miniature  mixer  in  which  samples 
can  be  mixed  under  accurately  controlled  conditions  of  air  exposure 
and  temperature,  and  the  results  of  recent  tests  are  even  more  consistent. 

Tables  5,  8,  9 and  10  are  based  on  tests  made  under  the  writer’s 

direction.  Table  6 is  from  tests  made  by  Mr.  F.  T.  Maddocks  in  1924 

s in  the  Laboratory  of  the  California  Division  of  Highways.  Table  7 is 

from  a report  on  “ Investigation  of  Behavior  of  Asphaltic  Cement  Ad- 

mixed with  Sulphates”  made  to  the  California  Division  of  Highways 
by  the  Industrial  Testing  Laboratory  of  Los  Angeles  in  1923,  and  not 
believed  to  have  been  previously  published. 

Aging  in  Pavement  is  Due  to  Air  Oxidation 

A study  of  the  data  in  Tables  1 and  2 on  laboratory  mixtures,  com- 
pared with  results  of  tests  shown  in  Table  4 on  pavement  samples,  indi- 
cates that  the  reductions  in  penetration  and  ductility  are  due  to  oxida- 
tion in  the  presence  of  air.  This  is  particularly  confirmed  by  the  work 
of  Raschig  and  Doyle 10  in  the  table  on  page  2 of  their  paper  where  they 
show  comparative  results  obtained  by  air  blowing  asphalt  and  by  heating 
sheet  asphalt  mixes  and  then  extracting  the  asphalt.  It  is  also  confirmed 
by  the  work  of  Nicholson 9 whose  results  on  air  blowing  tests  are  very 
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similar  to  those  generally  obtained  by  heat  treatment  of  asphaltic  mix- 
tures. The  tests  reported  herein,  and  in  the  many  papers  referred  to, 
definitely  establish  that  the  changes  brought  about  in  asphalt  through 
aging,  are  the  result  of  removal  of  hydrogen  from  the  asphalt  by  air, 
or  by  sulphur,  or  both,  and  also  that  properties  similar  to  those  found 
to  exist  in  a pavement  can  be  produced  immediately  by  accelerated  oxida- 
tion, utilizing  heat  treatment  and  aeration. 

The  way  is  therefore  open  to  measure  changes  wrought  by  time  and 
weathering  in  asphaltic  binders  in  existing  pavements,  and  by  accelerated 
tests  to  forecast  with  reasonable  accuracy  what  will  happen. 

CHANGES  IN  ASPHALTIC  MATERIAL  DUE  TO  OXIDATION 

Penetration 

The  consistency  of  an  asphaltic  material  is  measured  by  the  penetra- 
tion test  in  paving  asphalt  and  by  viscosity  and  float  tests  in  softer 
binders.  It  is  here  asserted  that  the  penetration  test,  alone,  is  the 
least  important  of  all  physical  tests  of  asphalt  and  that  narrow  specifi- 
cation limits  in  penetration  on  any  grade  of  asphalt  are  purposeless. 
With  wide  allowable  specification  limits  such  as  50-100,  100-200,  200-300 
and  300-350+ , the  test  is  valuable  for  classifying  asphalts  into  various 
grades  by  relative  consistency.  The  theory  held  by  some  engineers  that 
hard  asphalts  are  necessary  to  produce  stable  pavements,  is  unsound 
and  has  led  to  the  use  of  hard  asphalt,  still  further  hardened  by  heat- 
ing during  paving  operations. 

Skidmore  and  Abson 6 point  out  that  they  have  long  warned  against 
the  use  of  hard  asphalts.  Hubbard  and  Gollomb7  urge  the  use  of  the 
softest  asphalt  which  will  give  stability.  The  writer  has  been  in  re- 
sponsible charge  of  the  manufacture  of  at  least  half  of  all  of  the  emul- 
sified asphalt  heretofore  used  in  the  United  States.  He  has  never  per- 
mitted emulsified  asphalt  to  be  manufactured  for  road  surfaces,  or  street 
pavement,  from  asphalt  having  a penetration  of  less  than  150,  and  has 
always  recommended  250-350  penetration  asphalt  for  emulsification  where 
it  is  to  be  used  in  thin  pavements,  on  flexible  bases  or  with  silty  or 
absoroent  filler.  In  no  instance  has  instability  resulted  from  softness 
of  binder,  because  the  use  of  excess  asphalt  is  always  avoided. 

In  many  of  the  research  papers  the  hardening  of  asphalt  is  meas- 
ured * and  reported  solely  as  decrease  in  penetration.  Decreased  pene- 
tration is  significant  only  because  it  usually  indicates  some  change  in 
other  properties.  A decrease  in  penetration  usually  accompanies  a de- 
crease in  ductility,  but  not  in  any  direct  proportion.  In  Table  1,  for 
example,  with  California  asphalt  and  120-minute  heating,  we  find  a 
loss  of  over  60%  in  penetration,  but  no  measurable  loss  in  ductility. 
The  Texas  asphalt  here  tested  has  a loss  of  55%  of  its  penetration  and 
96%  of  its  ductility.  The  same  lack  of  relationship  between  penetration 
and  ductility  is  also  found  in  Tables  2,  4,  5,  6,  8,  10  and  even  in  7, 
where  oxidation  is  accelerated  by  the  admixture  of  sulphurous  compounds 
with  the  asphalt. 

Penetration,  at  most,  could  only  be  indicative  of  hardness  in  the 
pavement.  If  stability  were  dependent  on  hard  asphalt,  which  it  is  not, 
then  increased  penetration,  alone,  should  indicate  increased  stability,  a 
thing  to  be  desired. 
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TABLE  5 


EFFECT  OF  HEAT  TREATMENT  ON  VARIOUS  ASPHALTS 

Tests  on  Asphalt  as  Received  and 
After  Extraction  from  Heated  Mix 


East 

Texas 

East 

Texas 

SM 

Calif. 

SM 

Calif. 

Mid- 

wav  Mex. 
Calif.  (Panuco) 

Ore- 
gon B 
i Wyo. 

Gar- 

land 

Wyo. 

Penetration  at  77°  F. 

As  Received 

93 

176 

67 

190 

173 

240 

127 

229 

From  Heated  Mix* 

33 

45 

19 

45 

86 

66 

52 

53 

Penetration  Loss  % 

64 

74 

72 

76 

50 

73 

59 

73 

Ductility  at  77°  F. 

As  Received 

150+ 

139 

150+ 

124 

150+ 

150+ 

150+ 

126 

From  Heated  Mix 

6 

7 

12 

61 

150+ 

81 

150+ 

101 

Ductility  Loss  % 

97 

95 

92 

51 

0 

46 

0 

20 

M.  P. 

As  Received 

122 

106 

121 

104 

100 

107 

101 

From  Heated  Mix 

158 

155 

159 

138 

114 

134 

126 

Sol.  86°  Naphtha 

As  Received 

73.0 

75.4 

61.9 

76.6 

90.4 

74.9 

81.2 

From  Heated  Mix 

66.5 

68.8 

84.2 

67.6 

77.2 

72.6 

Sol.  CCA. 

As  Received 

99.8 

99.7 

99.7 

99.9 

99.9 

99.9 

99.9 

From  Heated  Mix 

99.7 

99.7 

99.9 

99.8 

99.8 

99.8 

Sulphur  % 

4.46 

4.67 

5.93 

5.92 

1.39 

5.84 

4.25 

4.39 

Ash 

As  Received 

.10 

From  Heated  Mix 

.08 

.12 

.10 

.16 

.30 

.30 

Fixed  Carbon 

As  Received 

17.2 

15.5 

11.0 

10.2 

7.2 

12.4 

14.4 

From  Heated  Mix 

12.5 

10.8 

9.4 

13.5 

16.2 

12.8 

' Wax  % - 

2.09 

2.12 

0.40 

0.51 

0.20 

0.39 

1.47 

Sp.  Gr. 

1.023 

1.017 

1.041 

1.0062 

1.023 

Oliensis 

As  Received 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

— 

From  Heated  Mix 

Pos. 

Pos. 

Pos. 

Pos. 

Neg. 

Neg. 

Neg. 

Pos. 

Loss  at  325°  F.  % 

As  Received 

0 

0 

0.6 

1.3 

0 

0.2 

From  Heated  Mix 

0 

0.1 

0.4 

0.6 

0.2 

0.1 

Penetration 

After  325°  F.  As  Rec. 

71 

145 

51 

107 

139 

196 

180 

From  Heated  Mix 

31 

43 

17 

39 

78 

46 

49 

*Hot  Mix:  93%  of  10/20  mesh  sand  and  7%  asphalt  heated  to  350°  F.  Immediately  after 
mixing,  placed  in  insulated  oven  heated  to  350°  F.,  heat  turned  off  and  oven  allowed 
to  cool.  Temperature  dropped  to  200°  F.  in  5 hours  and  to  atmospheric  temperature 
(70°  F.  -f)  in  15  hours.  Asphalt  extracted  by  Abson  method. 


Ductility 

Ductility,  in  an  asphaltic  binder,  is  of  paramount  importance.  It 
is  reasonable  to  assume  that  an  asphalt  which  is  highly  ductile,  and  which 
maintains  good  ductility  after  weathering,  will  produce  a tough,  flexible 
pavement  free  from  cracks,  other  conditions  being  in  order. 

In  Table  2,  it  is  indeed  startling  to  find  an  asphalt  reduced  from 
100+ ductility  at  77°  to  2 cm.,  (98+%  decrease)  in  120  minutes.  This  is 
I more  than  the  reduction  found  in  Table  3 in  a pavement  26  years  old, 
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and  much  worse  than  the  average  ductility  found  in  16  badly  crackec 
streets  only  6 years  old  (last  item  in  Table  3).  In  Table  5 heating  tc 
350°  F.  following  by  slow  cooling  to  atmospheric  temperature  in  15  hour; 
is  found,  with  one  asphalt,  to  reduce  ductility  from  150  cm.  to  6 cm 
and  with  several  other  asphalts,  almost  equally  serious  loss  in  ductility 
is  noted.  Three  asphalts  in  Table  5,  after  this  test,  still  retain  ductilities 
over  100  cm. 

The  writer  believes  that  some  type  of  ductility  or  elongation  test 
should  be  made  at  other  temperatures  than  77°  F.,  but  also  believes  that 
the  present  ductility  test  at  low  temperatures,  39.2°  F. ; 32°  F. ; or  0°  F.. 
has  no  parallel  in  service  conditions  and,  therefore,  lacks  real  significance. 
The  test  at  77°  F.  is  made  at  5 cm.  (2  inches)  per  minute  and  at  32°  F., 
usually  1 cm.  per  minute.  No  pavement  could  possibly  contract  at  the 
rate  of  5 cm.  (2  inches)  per  minute.  At  60°  F.,  or  77°  F.,  it  is  reason- 
able to  expect  that  asphalt  should  be  very  ductile  and  high  speed  tests 
at  these  temperatures  with  high  ductility  results  probably  indicate  good 
adhesive  and  cohesive  properties.  The  belief  is  here  expressed  that  duc- 
tilities at  low  temperatures  should  be  tested  at  very  slow  speeds,  say 
1 mm.  per  minute,  and  even  this  speed  is  more  rapid  than  any  possible 
shrinkage  in  a pavement. 

A new  test  should  be  devised  wThich  could  be  used  for  measuring 
ductility  of  mixtures  at  all  temperatures,  simulating  as  nearly  as  possible, 
service  conditions. 

It  is  suggested  that  an  elongation  test  be  made  on  specimens  molded 
from  laboratory  mixes,  or  remolded  from  road  samples.  The  specimens 
might  be  shaped  something  like  cement  mortar  tensile  strength  briquettes, 
but  should  have  a much  larger  cross-section  and  probably  be  consider- 
ably longer  between  the  clips  in  the  machine,  because  of  the  relatively 
low  tensile  strengths  and  to  permit  of  measurable  elongation  before  failure. 
It  is  suggested  that  the  load  be  applied  at  a uniform  rate  and  very  slowly, 
and  that  elongation  be  recorded  as  the  load  is  increased. 

If  such  a test  could  be  made  on  good  and  bad  pavements  of  various 
ages,  and  by  comparative  tests  related  to  air  blowing  and  hot  mix  ex- 
tractions ,it  might  be  standardized  to  a point  where  it  could  be  substi- 
tuted for  present  extraction  tests  which  are  tedious.  It  would  also  eliminate 
uncertainty  if  it  could  be  so  conducted  as  to  avoid  heating  of  old  mixes, 
because  some  of  the  hardening  in  asphalt  is  reversible  and  disappears 
when  the  asphalt  is  re-heated.  This  is  brought  out  in  a paper  on  the  • 
effect  of  sulphur  on  asphalt,  by  Bencowitz  and  Rowe14  and  is  noted  in 
many  of  the  papers  referred  to.  Pavements  in  service  are  not  re-heated 
and  should  be  tested,  if  possible,  without,  to  any  extent,  restoring  the 
ductility  by  heat  treatment  in  testing. 

Asphaltenes 

The  asphaltene  content  of  asphalt  (the  portion  insoluble  in  86°  Naph-  ! 
tha),  increases  with  air  oxidation.  In  Table  5 the  decrease  in  solubility  I 
of  the  asphalt  in  86°  Naphtha  (increase  in  asphaltenes)  in  asphalts  re- 
covered  from  heated  mixes,  is  shown  for  most  of  the  asphalts,  and  ranges  I 
from  7 to  9%.  The  increase  is  approximately  uniform  for  all  of  the 
asphalts,  and  is  not  widely  variable  as  are  the  decreases  in  penetra-  ; 
tion  and  ductility.  The  increase  in  asphaltene  content  is  probably  not  i 
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significant,  except  as  it  indicates  that  chemical  changes  actually  occur 
due  to  oxidation.  The  asphaltene  content  of  asphalt  is  believed  by 
some  engineers  to  represent  the  portion  of  asphalt  which  is  inert  and 
inoperative  as  binder.  It  has  been  definitely  known  that  lesser  amounts 
of  asphalt  are  required  in  a mix  with  some  asphalts  having  low  asphaltene 
content  than  are  required  with  asphalts  having  a high  asphaltene  content. 
On  this  basis  an  increase  in  asphaltenes  by  oxidation  would  indicate  a 
reduction  in  the  amount  of  effective  binder.  With  a high  natural  as- 
phaltene content  and  a further  increase  as  a result  of  aging,  the  amount 
of  effective  binder  might  be  reduced  to  a dangerous  point. 

Effect  of  Sulphur  in  the  Aging  (Oxidation)  of  Asphalt 

It  has  long  been  known  that  sulphur  and  its  compounds  are  effective 
as  hardening  agents  for  asphalts.  Patents  were  obtained  by  Day  in 
1875  and  by  Dubbs  in  1892,  for  adding  sulphur  to  asphalt  and  then 
heating  until  the  evolution  of  gas  ceased.  According  to  Abraham15  the 
asphalt  so  produced  was  similar  to  air-blown  asphalt,  except  that  it  lacks 
ductility.  The  hardening  action  is  thus  explained  by  Abraham : 

“Under  the  influence  of  heat,  sulphur  has  the  same  condensing 
effect  on  bituminous  substances  as  oxygen,  since  it  results  in  the 
removal  of  hydrogen,  but  in  this  instance  in  the  form  of  gaseous 
sulfide.  The  reaction  may  be  roughly  represented  as  follows : 

Cx  Hy  -f-  S = Cx  Hy  + H2S 
“A  certain  amount  of  polymerization  also  takes  place.” 

TABLE  6 


EFFECT  OF  SULPHUR  ON  PENETRATION  AND 
DUCTILITY  OF  ASPHALT 

50  Gram  Sample  Original  Penetration  Asphalt  58 


Admixture 

Tests  After  Heating 

2.66% 

Sulphur 

at  250°  F.— 2 Hrs. 

Blank 

Cuso4* 

0.50% 

1.00%  1.66% 

2.25% 

Penetration  77°  F. 

52 

29 

44 

39  33 

27 

Ductility  77°  F. 

200 

110 

110 

110  103 

92 

♦Based  on  weight  asphalt,  2.66%  copper  sulphate  contains  0.58%  sulphur. 


—303— 


TABLE  7 


EFFECT  OF  SULPHUR  COMPOUNDS  ON  DUCTILITY 
AND  PENETRATION  OF  ASPHALT 


Admixture 

% 

Admixture 

Sulphur 
Content 
Admix.  % 

Pen. 

at  77°  F. 

Ductility 
at  77°  F. 

None 

As  Received 

47 

150 

Copper  Sulphate 

CuS04  .5H20 

2.5 

.321 

17 

85 

Aluminum  Sulphate 

Al2  (S04)3  .18H20 

2.5 

.362 

44 

52 

Magnesium  Sulphate 

MgS04  .7H20 

2.5 

.325 

44 

126 

Ferrous  Sulphate 

FeS04  .7H20 

2.5 

.288 

46 

150 

Zinc  Sulphate 

ZnS04  .7H20 

2.5 

.277 

45 

150 

Lead  Sulphate 

PbS04 

2.5 

.264 

29 

150 

Interesting  tests  showing  the  effect  of  heating  asphalt  with  a sulphur 
admixture  have  been  presented  by  Brooks  and  Humphrey16. 

A few  years  ago  a proprietary  pavement  was  marketed  in  the  United 
States  in  which  Copper  Sulphate  was  added  to  asphalt  prior  to  mixing. 
Cracks  up  fco  3 inches  in  width  quickly  appeared  in  such  pavements  and 
the  generally  disastrous  results  are  still  fresh  in  the  memory  of  paving 
engineers. 

Probably  all  petroleum  asphalt  contains  some  sulphur.  Table  5 shows 
the  sulphur  content  of  seven  asphalts  from  six  sources.  The  asphalts 
which  show  the  greatest  loss  in  ductility  and  penetration  have  high  sul- 
phur content.  The  three  asphalts  with  the  lowest  sulphur  content  show 
the  least  loss  of  ductility.  Two  of  the  asphalts  having  a sulphur  content 
of  over  4%  still  show  good  ductilities  after  heating.  As  a probable 
explanation,  the  thought  is  offered  that  sulphur  exists  in  many  combi- 
nations and  that  the  effectiveness  of  the  sulphur  varies  with  the  different 
compounds  in  which  it  occurs.  This  is  illustrated  in  Tables  6 and  7. 
Table  6 shows  the  relative  effect  on  ductility  and  penetration  of  pure 
sulphur  and  of  copper  sulphate  when  each  was  admixed  with  asphalt 
and  held  at  250°  F.  for  two  hours.  2.66%  of  copper  sulphate  reduced 
the  penetration  of  the  asphalt  from  58  to  29,  or  50%.  A blank  sample 
in  the  saim*  2 hours  of  heating  lost  only  6 points  in  penetration.  The 
ductility  with  copper  sulphate  dropped  from  the  200  cms.  ductility  in 
the  blank  to  110  cms.  (2.66%  of  copper  sulphate  contains  0.58%  of 
sulphur).  Pure  sulphur  was  added  in  the  same  manner  as  copper  sul- 
phate in  varying  quantities,  and  it  will  be  noted  that  it  took  approxi- 
mately four  times  (2.25%  to  0.58%)  as  much  pure  sulphur  as  it  did 
when  the  sulphur  was  in  the  copper  sulphate  compound,  to  produce  the 
same  reduction  in  penetration  and  ductility.  Table  7 shows  a number 
of  sulphurous  compounds  added  to  asphalt.  All  reduced  the  penetra- 
tion, but  several  did  not  reduce  the  ductility.  This  table  shows  the  vary- 
ing effectiveness  of  sulphur  compounds  has  no  relation  to  actual  sulphur 
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content.  It  is  undoubtedly  true  that  sulphur  is  present  in  different 
forms  in  different  asphalts,  and  its  effectiveness  would  therefore  vary 
widely,  as  is  shown  to  be  the  case  in  Table  5.  In  Table  5,  the  greatest 
drop  (97%)  in  ductility  is  found  with  4.46%  of  sulphur  present,  while 
the  Mexican  (Panuco)  Asphalt  has  about  half  this  loss  in  ductility 
(46%)  yet  has  a sulphur  content  of  5.84. 

If  sulphur  is  largely  responsible  for  the  loss  in  ductility,  this  would 
indicate  that  the  sulphur  compounds  in  the  East  Texas  asphalt  (Cols. 
1 and  2)  are  somewhat  more  active  than  those  in  Mexican.  The  sulphur 
content  in  the  California  Midway  is  very  low  and  shows  no  effect  on 
ductility  and  the  least  on  penetration. 

Oxidation  of  asphalt  could,  of  course,  occur  in  the  absence  of  sul- 
phur, but  it  seems  to  be  conclusively  established  that  sulphur  can  greatly 
accelerate  the  early  hardening  of  asphalt  and  will  do  so  unless  the  sul- 
phur content  is  low  or  the  sulphur  in  a form  in  which  it  is  not  active. 

Wax  in  Asphaltic  Materials 

The  wax  content  was  determined  on  all  but  one  of  the  samples  re- 
ported in  Table  5.  The  two  asphalts  which  showed  greatest  loss  in  duc- 
tility are  reported  in  the  first  two  columns,  and  these  happen  to  be 
the  ones  with  the  highest  wax  content.  The  best  asphalt,  as  measured 
by  ductility  tests  in  this  table,  shows  a low  wax  content,  but  the  as- 
phalts in  Column  3 and  4 with  low  wax  content  also  show  very  serious 
losses  in  ductility,  therefore  it  cannot  be  said  that  wax  content  within 
the  limits  of  the  samples  had  any  influence  on  ductilities. 

Benson’s11  comments  on  the  results  of  his  research  confirm  the  gen- 
erally accepted  theory  that  wax  tends  to  produce  poor  adhesive  prop- 
erties in  asphaltic  materials,  but  there  is  no  evidence  that  it  hastens 
oxidation. 

Oily  Constituents  and  Their  Effect  on  Oxidation  Products 

It  has  been  generally  shown  that  the  aged  asphaltic  binder  in  a pave- 
ment closely  resembles  air  oxidized  asphalt  obtained  by  the  air  blowing 
of  heavy  residuals. 

TABLE  8 

EFFECT  OF  AIR  BLOWING  ON  RESIDUAL  OILS 
OF  DIFFERENT  GRAVITIES 


A.  P.  I. 
Gravity  of 
Residual  Oil 
Before 
Air-Blowing 

All  residual  oils  previously 
steam-refined  from  identical 
crude  to  gravities  indicated. 

Tests  on  Air-Blown  Asphalt 

Resulting  Air-Blown  Asphalt  Recovered  from  Hot  Mix* 

Pen. 

at 

77°F. 

R.  & B. 
Melting 
Point 

Duc- 
tility 
at  60  °F. 

Duc- 
tility 
at  77°F. 

Pen. 

at 

77°F. 

R.  &B. 
Melting 
Point 

Duc- 
tility 
at  60°F. 

11.0  Gravity 

58 

132.5 

32 

72 

37 

147 

6.0 

10.5 

56 

130.0 

112 

150  + 

40 

139 

8.0 

10.0 

60 

125.0 

44 

150+ 

42 

135 

10.5 

9.5 

59 

124.0 

120 

150+ 

41 

135 

12.0 

9.0 

56 

122.0 

150+ 

150+ 

40 

130 

34.0 

8.5 

60 

119.5 

150+ 

150+ 

39 

130 

139.0 

*Mix  made  with  20-30  mesh  Ottawa  sand  with  7.7%  asphalt.  Mechanically  mixed  in 
open-air  5 minutes  at  370°  F.,  then  extracted  by  Abson  method. 
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Low  penetrations  are  always  found  in  asphaltic  material  extracted 
from  old  pavement.  It,  therefore,  seems  reasonable  to  assume  that,  dura- 
bility being  considered,  the  most  suitable  asphaltic  binder  would  be 
expected  to  be  that  resembling  a charging  stock,  which,  in  refinery 
air  blowing  would  give  the  most  ductile  asphalt  of  similar  penetration. 

A mixture  of  asphalt  and  gas  oil  or  lighter  solvents  would  not  be  ] 
expected  to  produce  a ductile  air  (blown)  oxidized  asphalt.  Heavy  oils 
in  a heavy  residuum  are  converted  to  asphalt  by  blowing.  A suitable 
heavy  oil  will  yield  as  much  as  95%  of  air-blown  asphalt.  The  relation  { 
of  gravity  of  oil  to  ductility  of  the  oxidized  asphalt  produced  there- 
from is  shown  in  Table  8.  All  of  the  residual  oils  in  this  table  are 
from  the  same  crude.  It  will  be  seen  in  this  table  that  a residual  oil 
of  8.5,  A.  P.  I.  gravity  at  60c  F.,  produced  an  asphalt  by  air  blowing 
with  a ductility  of  150+  cms.  at  60°  F.,  while  an  11  gravity  residue 
produced  an  asphalt  of  the  same  penetration,  but  with  only  32  cms.  due-  : 
tility  at  60°  F.  When  these  asphalts  were  mixed  with  hot  sand  and 
recovered,  the  differences  in  ductility  were  even  more  startling.  At  60°  F.  1 
they  range  from  139  cms.  for  asphalt  made  from  8.5  gravity  residual  j 
oil  to  6 cms.  for  asphalt  similarly  produced  from  the  lighter  11  gravity 
oil.  An  8.5  A.  P.  I.  gravity  residual  from  this  crude  is  approximately  a 
200  penetration  asphalt  and  an  11  gravity  residual  is  approximately  an  j 
SC-5.  In  other  words,  air  oxidized  asphalt,  to  have  high  ductility  at  ; 
60°  after  recovery  from  a hot  mix,  must  have  been  blown  from  residual  i 
much  heavier  than  SC-5,  and  even  heavier  than  an  SC-6,  which,  with 
the  same  crude  has  an  A.  P.  I.  gravity  of  about  9.1. 

Straight  run  steam  refined  SC  oils  contain  heavy  asphaltic  resi-  ; 
dues  fluxed  with  medium  heavy  oils.  A blend  of  heavy  asphaltic  residues  j 
and  light  oils  would  not  be  expected  to  produce  a ductile  asphalt  by  ; 
air  oxidation  and  it  is  difficult  to  see  how  it  could  be  expected  to  : 
produce  ductile  asphalt  in  a road  after  it  is  oxidized.  An  MC  cutback  j 
is  such  a blend  of  asphalt  and  light  oils. 

Possibly  this  may  throw  some  light  on  Benson’s17  observations  to  I 
the  effect  that  asphalts  recovered  from  surfaces  constructed  with  MC  > 
cutbacks  were  found  to  have  lost  most  of  their  ductility  in  less  than  one  i 

year.  The  heaviest  MC  cutback,  MC-5,  has  an  A.  P.  I.  gravity  of  about 

11  when  made  from  the  crude  used  in  producing  the  heavy  residuals  in  ; 
Table  8.  This  is  about  the  same  as  the  gravity  of  the  residual  oil  which 
gave  the  poorest  results  in  Tabel  8.  MC-1  to  MC-4  are  still  lighter  and 
the  results  should  be  even  less  favorable  as  far  as  ductility  is  concerned. 

It  is  suggested  that  those  interested  in  verifying  the  effect  of 

oxidation  on  road  oils  or  cutbacks  can  readily  do  so  by  taking  samples 
from  existing  pavements,  as  Benson  did,  and  recovering  the  asphalt 
by  the  Abson  Method  and  also  by  making  laboratory  mixes  and  heat- 
ing until  the  asphaltic  residue  obtained  by  the  Abson  Method  has  a 

penetration  between  40  and  60,  then  noting  the  ductility  at  60°  F.  or 

at  77°  F.  The  Nicholson 9 Method  of  blowing  an  asphalt  or  road  oil 
could  also  be  used  with  modifications.  It  would  probably  be  desirable 
to  start  blowing  at  a temperature  of  150°  F.  and  raise  the  temperature 
as  oxidation  proceeded,  until  a final  temperature  of  about  450°  F.  is 

reached  and  the  residue  brought  to  the  desired  penetration. 
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The  same  studies  should  be  applied  to  RC  cutbacks  and  to  mixes 
made  with  them.  Low  ductilities  obtained  in  these  tests  should  constitute 
a danger  signal  to  a careful  engineer. 

At  this  point  it  seems  well  to  comment  briefly  on  the  relative  merits 
of  the  Abson  and  Bussow  methods  of  extraction.  Steinbaugh  and  Brown 8 
made  an  extensive  study  of  both  methods.  The  data  which  they  have 
published  seems  to  justify  a preference  for  the  Abson  method.  This 
confirms  our  own  observations,  and  the  Abson  method  has  been  most 
generally  used  by  investigators.  Steinbaugh  and  Brown 8 show  a drop 
in  ductility  averaging  about  12  cms.  in  the  process  of  extracting  and 
Irecovering  an  asphalt  by  the  Abson  method.  This  can  be  taken  into 
consideration  in  interpreting  data  and  is  not  seriously  objectionable. 

Effect  of  Aging  on  Emulsified  Asphalt  Coatings 

In  the  proper  manufacture  of  emulsified  asphalt  for  road  surfaces, 
two  grades  of  asphalt  are  used : the  asphalt  in  one  grade,  prior  to 

iemulsification,  has  a penetration  of  150  to  250 ; the  other,  250  to  350. 
Asphalt  is  not  (or  should  not)  be  heated  above  250  or  275°  F.  during 
the  manufacturing  and  is  applied  at,  or  slightly  above,  air  temperatures. 
In  this  way,  the  oxidation  losses  at  time  of  use  are  avoided.  After 
application,  of  course,  air  oxidation  begins.  It  should  be  noted  here  that 
the  150  to  250  penetration  asphalt  corresponds  closely  to  the  8.5  A.  P.  I. 
gravity  residual  oil  which  gave  most  satisfactory  results  in  air  blowing 
in  Table  8.  The  asphalt  left  on  the  stone  in  the  road  in  aging*  should, 
if  the  theories  advanced  are  sound,  take  on,  in  aging,  the  properties  of 
an  air-blown  asphalt  from  the  same  A.  P.  I.  gravity  residuum,  and  it  does. 


TABLE  9 

EFFECT  OF  AGE  ON  PHYSICAL  PROPERTIES  OF  ASPHALT  IN 
EMULSIFIED  ASPHALT  PENETRATION  PAVEMENTS 


Asphalt  Recovered  From  Pavement 


Date 

Built 

Pen. 

Name  at 

of  Project  77°  F. 

Duct. 

at 

77°  F. 

M.P. 
R & B 

Sol.  86° 

Naph- 
tha Age  at  Test 

Pen. 

at 

77° 

Duct. 
. at- 
77° 

Sol.  86° 
M.P.  Naph 
R & B tha 

1927 

San  Ardo,  Calif.  175 
State  Highway 

150  + 

105 

91.2 

8 Yrs.  6 Mos. 

56 

150  + 

118 

83.1 

1931 

10th  St.,  Oakland,  180 
Calif. 

130 

101°F. 

91 

4 Yrs.  2 Mos. 

61 

150  + 

117 

73.7 

1931 

10th  St.,  Oakland,  180 
Calif. 

130 

1 0 1 0 F. 

91 

6 Yrs. 

48 

150  + 

121 

Not 

Tested 

■ 

Table  9 shows  the 

results  of 

extractions  by 

Abson 

Method 

from 

emulsified  asphalt  penetration  pavements  4 to  8%  years  old.  It  will  be 
found  by  comparison  of  Tables  8 and  9 that  the  residual  asphalt  in  the 
road  samples  does  closely  resemble  that  of  the  asphalt  produced  by  air 
blowing  the  product  designated  as  8.o  gravit}^  residual  oil  which,  as 
stated,  is  an  asphalt  of  about  200  penetration.  Ductilities  are  high  with 
the  artificially  blown  asphalt  and  also  with  the  asphalt  recovered  from 
the  pavements.  The  drop  in  penetrations  is  similar  in  both  tables.  The 
melting  point  has  increased  in  both  cases,  although  somewhat  less  in 
the  old  pavement  samples  than  in  the  air-blown  samples  reported  in 
Table  8.  The  asphaltene  content  has  similarly  increased  in  both  cases. 
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The  asphalt  used  for  emulsification  was  the  same  as  that  used  for 
the  tests  reported  in  Table  8,  and  is  the  same  “Midway  California”  as- 
phalt shown  in  Table  5.  The  results  there  shown  (Table  5),  as  to  duc-i 
tility,  penetration  and  asphaltenes,  after  the  heat  test,  are  substantially 
the  same  as  those  in  Table  9 obtained  from  field  samples. 

Table  10  shows  results  of  tests  made  on  cold  laid  pavement  after  18 
months  service  in  a region  with  hot  summers  and  snowy  winters.  Tests 
are  also  shown  made  on  the  mix  as  laid.  In  producing  this  pavement 
part  of  the  binder  was  in  the  form  of  hot  asphalt  of  60  penetration 
added  to  aggregate  at  200  to  240°  F.  The  mix  was  then  immediately  cooled 
to  about  180°  F.  by  the  addition  of  emulsion,  which  constituted  about 
Ys  of  the  binder.  The  bitumen  in  the  emulsion  was  soft  enough  to 
flux  the  60°  asphalt  and  to  produce  a penetration  in  the  extracted 
binder  of  193.  A comparison  of  the  results  in  this  table  with  those 
in  Tables  8 and  9 again  shows  that  the  residual  asphalt  after  18 
months  service  has  all  of  the  ductility  characteristics  of  an  air-blown 
product.  The  penetration  had  changed  relatively  little. 

TABLE  10 

AIR  OXIDATION  IN  COLD  LAID  PAVEMENT 


Holbrook  to  Lupton,  Arizona  Completed  November,  1934 

Asphalt  by  Abson  Extraction 


Physical  Tests  of 
Extracted  Binder 
Penetration  at  77°  F.  .. 
Penetration  at  32°  F.  .. 
Ductility  at  77°  F.  — 

Ductility  at  32°  F 

Solubility  86°  Naphtha 


Road  Samples 
Original  Mix*  May,  1936 


193 

32 

150+ 

101 

92.0 


183 

33 

119 

29 

81.5 


♦This  mix  made  by  heating  aggregate  (dense  graded  mix)  to  200-240°  F.  and  adding 
approximately  6.5%  of  binder.  The  binder  consisted  of  2%%  emulsified  asphalt 
tempering  fluid  added  to  aggregate  cold,  followed  by  4 ys%  of  50/60  penetration  asphalt 
heated  to  300°  F.  Mixture  40  to  80°  F.  when  laid. 


The  asphaltic  materials  used  in  this  last  job  (Table  10)  were  not 
from  the  same  crudes  as  those  emulsified  for  the  jobs  shown  in  Table  9, 
but  are  very  similar. 

It  is  repeated  here  that  the  quality  of  a properly  manufactured  as- 
phalt emulsion  depends  primarily  on  the  quality  of  the  asphalt  from 
which  it  ip  made.  Tables  9 to  10  indicate  that  good  asphalt  properly 
emulsified  shows  no  serious  loss  in  useful  properties  after  long  service. 

It  is  recommended  that  samples  of  asphalt  before  emulsification 
always  be  tested  as  received  and  again  after  oxidation  to  determine 
whether  a durable  asphalt  is  being  used. 

CONCLUSIONS 

1.  Asphaltic  binders  for  use  either  hot  or  cold,  which  lose  duc- 
tility rapidly  in  oxidation  tests,  will  similarly  oxidize  and  lose  ductility 
in  pavements,  with  resultant  brittleness  and  cracking. 
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2.  The  heat  treatment  or  air  blowing  methods  of  testing  can  be 
ipplied  to  liquid  asphaltic  binders  prior  to  use,  as  well  as  to  paving 
usphalt,  and  can  be  expected  to  show  whether  a durable  ductile  binder 
will  be  produced  in  the  pavement  when  it  has  aged. 

3.  Sulphur  probably  contributes  to  early  hardening  and  loss  of  duc- 
tility in  asphaltic  binders. 
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>and  Asphalt  Mixtures  in  the  Southeastern  States  and 
Factors  Influencing  Selection  of  Bituminous  Binders 

By 

W.  H.  MILLS,  Jr., 

Testing  Engineer 

South  Carolina  Highway  Department 
Columbia,  South  Carolina 

The  state  highway  systems  of  the  south- 
eastern states,  particularly  Alabama,  Geor- 
gia, Florida,  North  Carolina  and  South 
Carolina  contain  a large  mileage  of  all 
weather  surfaced  roads  which  consist  of 
i thin  bituminous  wearing  course  about 
54"  thick  placed  on  a base  of  compacted 
soil.  In  fact  this  type  of  road  comprises 
the  majority  of  roads  on  highway  sys- 
tems in  these  states  as  it  has  proved  eco- 
nomical and  very  satisfactory  in  areas 
where  traffic  densities  are  low.  By  careful 
attention  to  design  and  construction  de- 
tails, this  type  will  satisfactorily  serve 
where  traffic  densities  are  considerably 
above  the  average  for  these  states. 

The  soils  for  these  bituminous  surfaced 
roads  must  be  very  carefully  selected.  The 
clay  content  must  be  relatively  low  and  the 
‘clay  must  not  be  too  plastic.  In  addition  the  sand  portion  must  be  well 
graded  or  the  soil  will  lose  stability  when  the  moisture  content  increases 
and  it  will  then  be  unable  to  carry  the  traffic  loads.  These  soils  can  be 
selected  by  laboratory  tests  based  on  experience  over  a long  period  of  time 
and  they  are  generally  well  distributed  over  the  states  but  in  certain  areas 
I suitable  soils  do  not  exist  and  methods  of  stabilizing  the  materials  which  are 
! encountered  have  been  studied  in  an  effort  to  extend  the  building  of  low 
cost  roads  to  these  areas.  A low  cost  road  in  these  locations  is  usually 
very  desirable  because  the  area  is  sparsely  populated  and  the  traffic  does 
not  justify  the  use  of  high  type  pavements.  Several  methods  of  stabilizing 
soils  are  being  used.  For  clay  soils,  cement  and  tar  have  been  used 
! satisfactorily  but  neither  of  these  methods  is,  as  yet,  perfected.  Sandy 
! soils  and  those  containing  a small  quantity  of  clay  can  be  stabilized  by 
the  addition  of  a bituminous  binder  and  a description  of  the  methods  used 
: for  stabilizing  these  soils  will  be  presented  here. 

A much  greater  mileage  of  asphalt  stabilized  base  or  “Sand  Asphalt,” 
as  it  is  commonly  known  in  these  states,  is  in  service  than  either  of  the 
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other  types  of  stabilization  mentioned  above  and  it  is  the  only  method  o 
soil  stabilization  used  in  this  part  of  the  country  which  is  considered  tci 
have  progressed  beyond  the  experimental  stage.  By  using  designs  anc; 
methods  of  construction  which  have  been  developed  over  a period  o 
years,  a sand  asphalt  base  can  be  constructed  with  full  assurance  tha 
the  results  will  be  satisfactory. 

The  states  mentioned  herein  all  contain  large  areas  in  which  the 
soil  is  almost  pure  sand  or  sand  which  contains  only  a little  clay.  Ir 

general,  these  areas  are  near  the  coast  although  sand  dunes  and  sand} 
areas  are  found  far  inland  due  to  the  geological  formation  of  the  country 

The  author  would  like  to  give  due  credit  to  the  man  who  started! 
‘‘Sand  Asphalt”  if  his  name  were  known  but  it  is  very  difficult  tel 

ascertain  even  which  of  the  highway  departments  first  began  experiments! 
in  this  type  of  construction.  North  Carolina  used  local  sand  in  a hot' 

mix  method  fourteen  years  ago,  but  the  resulting  road  was  hardly  a low. 
cost  type  as  we  now  define  it.  Florida  began  work  with  cold  mixes  8 
years  ago  and  South  Carolina  started  in  1925.  In  Georgia  and  Alabama  the 
use  of  this  method  is  more  recent.  At  the  present  time  Alabama  has! 

approximately  23  miles  of  this  type,  Georgia  150  miles,  Florida  485  miles,! 
North  Carolina  55  miles  and  South  Carolina  275  miles. 

A brief  description  of  the  method  of  construction  is  as  follows : 

The  roadway  is  first  graded  and  brought  to  the  correct  cross-section, 
and,  if  the  subgrade  soil  is  unsuitable  sandy  soil  is  brought  in  from 
borrow  pits.  The  sand  is  mixed  cold  with  a liquid  bituminous  material, 
usually  rapid  curing  type  cut-back  asphalt,  having  a viscosity  sufficiently 
low  to  permit  application  by  slight  warming  and  mixing  without  the 
addition  of  heat.  A sufficient  amount  of  materials  must  be  included  in 
this  mixture  so  that  the  thickness  and  width  will  be  satisfactory  after 
compaction.  The  mix  must  be  cured  until  most  of  the  volatile  portion  of 
the  bituminous  material  and  the  moisture  evaporate  and  it  is  then  spread 
to  the  correct  cross-section  and  compacted.  It  is  necessary  to  maintain  the 
surface  by  blading  during  the  compaction  period  in  order  to  obtain  a 
satisfactory  riding  surface.  Usually  a wearing  surface  of  some  type  is 
applied  to  the  base.  In  some  instances  the  wearing  course  consists  of 
a hot  application  of  asphalt  covered  with  slag  or  stone  chips  applied  directly 
on  the  base  and  in  some  locations  the  top  1"  or  l1/^"  of  the  original 
mix  is  enriched  by  the  addition  of  more  bituminous  material  and  this 
when  compacted  serves  as  the  wearing  course. 

The  selection  of  this  type  of  construction  for  any  project  is  dependent 
on  the  availability  of  sandy  material.  Projects  of  this  kind  are  usually 
confined  to  areas  where  the  soil  in  the  roadway  after  grading  is  com- 
pleted is  suitable  for  inclusion  in  the  base.  However,  in  areas  where  the 
subgrade  cannot  be  used  but  sandy  soil  is  available  within  a reasonable 
haul  distance,  this  type  of  construction  can  be  used  economically  if  sand 
clay  or  top  soil  suitable  as  base  material  for  bituminous  surfacing  is  not 
available. 

Fapid-curing  cut-back  asphalts  are  used  almost  exclusively  as  the 
bituminous  material  in  this  type  of  construction,  but  experiments  using 
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[tars,  emulsions,  slow  and  medium  curing  liquid  asphalts  and  Colprovia 
materials  consisting  of  flux  oil  and  powdered  asphalt  have  been  tried  in 
several  locations.  The  use  of  RC  type  cut-back  asphalt  is  probably  the 
(result  of  the  satisfactory  behavior  of  this  material  in  the  early  experiments, 
iand  now  the  contractors  and  engineers  are  familiar  with  the  way  in  which 
this  material  acts  and  consequently  know  from  experience  what  manipulation 
and  operations  are  necessary  in  order  to  secure  satisfactory  results.  The 
limited  experiments  with  tar  have  been  satisfactory  and  it  is  believed  that 
this  material  could  be  used  as  an  alternate  to  RC  type  cut-back  asphalt 
lexcept  for  the  fact  that  tar  in  this  section  of  the  country  is  more  expensive 
than  cut-back  asphalt  and  is  usually  eliminated  from  an  economic  stand- 
point. The  asphalt  emulsions  have  given  considerable  trouble  during 
mixing  if  the  aggregate  is  dry  due  to  the  fact  that  emulsion  breaks  before 
it  can  be  distributed  and  the  asphalt  forms  into  balls  which  are  very 
difficult  to  break  up  and  consequently  it  is  extremely  hard  to  get  a uni- 
form coating  of  asphalt  on  all  of  the  particles  of  sand.  When  the  aggregate 
jis  wetted  so  as  to  avoid  this  trouble,  the  emulsion  does  not  “ break 7 7 or 
cure  much  below  the  surface  and  this  mixture  does  not  have  the  stability 
or  water  resisting  properties  which  are  necessary.  The  slow-curing  liquid 
asphalts  which  are  available  in  this  area  consist  of  a straight  run  ma- 
terial which  does  not  possess  much  binder,  although  tests  show  that  it 
I contains  60%  asphalt  of  100  penetration.  It  has  been  used  successfully 
as  a dust  layer  on  stable  soils  and  unsuccessful  attempts  have  been  made 
to  stabilize  rather  high  clay  soils  with  this  material. 

Medium-curing  liquid  asphalts  have  been  used  in  only  a few  experiments. 
It  has  been  used  with  some  success  as  a primer  but  where  it  has  been 
tried  in  mixes,  trouble  has  resulted  from  cracking  after  compaction  due 
to  an  excess  of  volatile  matter  in  the  mix.  The  operators  who  were 
accustomed  to  working  with  RC  cut-backs  were  under  the  impression  that 
a sufficient  quantity  of  volatile  material  had  evaporated  before  com- 
paction but  they  did  not  recognize  that  evaporation  of  the  heavier  kero- 
sene solvent  used  in  this  type  of  cut-back  is  much  slower  than  the  naphtha 
used  in  RC  cut-backs. 

RC  type  materials  can  be  adopted  to  both  plant  and  road  mixes  by 
varying  the  viscosity.  It  appears  that  the  naphtha  which  is  used  as  a 
solvent  in  this  material  evaporates  more  completely  than  kerosene  solvent 
and,  therefore,  does  not  have  the  same  tendency  to  form  a greasy  mix. 
During  cold  weather,  mixtures  with  RC  cut-backs  have  been  compacted 
without  waiting  for  the  curing  period  if  the  moisture  content  is  sufficiently 
low. 

Methods  for  determining  the  quantity  of  bitumen  required  to  stabilize 
sandy  soils  vary  in  each  of  the  states.  It  is,  of  course,  necessary  to  use 
sufficient  asphalt  to  bind  the  particles  together.  In  general  none  of 
the  known  formulae  have  proved  satisfactory  and  the  quantity  of  asphalt 
is  based  an  some  laboratory  tests — usually  a mechanical  analysis  in- 
terpreted in  the  light  of  experience  over  a period  of  years.  Trial  mixes 
are  used  in  North  Carolina  to  a large  extent.  In  South  Carolina  the 
quantity  is  determined  by  comparing  the  mechanical  analysis  of  the 
soil  under  consideration  with  that  on  a project  previously  constructed 
with  soil  of  similar  grading  and  the  bitumen  content  is  set  at  a point 
known  b>  experience  to  be  satisfactory. 
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In  Florida,  the  sand  is  tested  for  stability  in  a modified  Bearin 
Value  Machine.  The  use  of  this  machine  has  eliminated  trouble  whic 
was  experienced  in  Florida  with  sand  asphalt  mixes  which  would  noi 
“set  up.”  It  was  discovered  that  the  sand  in  these  mixtures  was  ver;  | 
uniform  in  size,  possessed  no  cohesion  and  was  easily  displaced  due  t 
the  roundness  and  uniform  size  of  the  grains.  The  condition  was  correcte 
by  the  addition  of  other  aggregates  to  the  mix.  Sands  which  have  ,j 
bearing  value  of  25  when  tested  in  this  machine  have  been  found  to  giv  | 
satisfactory  stability  on  the  road.  The  other  states  have  not  experiences 
the  same  trouble  with  lack  of  stability  of  the  aggregate  but  they  haw  | 
found  that  the  quantity  of  bitumen  is  more  critical  for  sands  of  coars*! 
uniform  grading  and  that  shoving  and  rutting  is  likely  to  occur  if  th< 
bitumen  content  is  too  high.  However,  if  the  bitumen  is  proportioned 
correctly  there  has  been  no  trouble  from  instability  of  the  finished  base  j I 

The  range  of  materials  used  has  varied  from  coarse  sand  having  a sur 
face  area  of  36  square  feet  per  100  pounds  to  fine  sand  clay  having  a 
surface  area  of  150  square  feet  per  100  pounds.  The  bitumen  contents  vary, 
from  3 to  8%  depending  chiefly  on  the  grading  of  the  sand  and  on  the  | 
quantity  and  type  of  clay  or  other  foreign  matter  such  as  marl.  In  general 
the  bitumen  content  is  set  at  the  minimum  quantity  which  will  provide ! 
sufficient  binder  to  hold  the  soil  together.  This  results  generally  in  a| 

mix  which  appears  to  be  lean  and  the  base  will  dust  and  ravel  slightly) 
under  traffic  before  the  wearing  course  is  applied.  Of  course,  bases  con- 
taining the  minimum  quantity  of  bitumen  for  stabilization  are  more  economi- 
cal than  richer  mixes  and  experience  over  a number  of  years  shows 
that  the  durability  is  satisfactory.  Apparently  nothing  is  gained  by  the 
addition  of  sufficient  bitumen  to  eliminate  all  raveling  or  dusting. 

When  soil  having  as  much  as  15  to  20%  clay  is  used  in  the  mix, 
the  appearance  of  the  finished  mix  is  brown  rather  than  black  as  sand  ! 
mixes  are.  Even  when  the  bitumen  content  is  increased,  it  is  still  very! 
difficult  tc  get  the  two  types  of  soils  to  give  a mixture  of  the  samei 

color.  However,  the  mixes  with  this  quantity  of  clay  soil  are  more  stable!; 
than  the  sand  mixes  and  results  show  that  a small  quantity  of  clay  oF 
fine  material  is  very  beneficial  in  increasing  stability.  The  Hubbard-Field  i 
Stability  machine  has  been  used  in  a limited  way  in  testing  these  mixes  and 
it  has  been  found  that  the  stability  on  a mixture  with  sand  may  be  asji 
low  as  600  pounds  per  square  inch  whereas  the  stability  of  the  mix  i 

with  sand  clay  soil  may  be  as  high  as  2,000  pounds  per  square  inch. j 

Differences  such  as  these  have  made  it  impossible  to  use  this  machine  as j, 
a criterion  in  setting  bitumen  contents.  Two  experiments  in  South  Carolina 
in  which  RC  type  cut-back  asphalt  has  been  used  in  heavy  clay  soils 
have  proved  unsatisfactory.  In  these  experiments,  the  cut-back  asphalt  was  jj 
mixed  in  the  soil  and  the  mixture  was  compacted  at  optimum  moisture  j 
content.  The  mix  cracked  and  softened  during  wet  weather,  showing  that  ; 
the  compacted  mixture  was  not  waterproof. 

Mixing  is  performed  either  by  a traveling  mixing  plant,  a stationary  j 
mixing  plant  or  the  road  mix  method.  The  early  experiments  and  practically  j 
all  of  the  work  up  to  1937  was  constructed  by  the  road  mix  method,  f 
It  has  proved  very  satisfactory  and  if  mixing  is  carefully  performed  a j 
homogeneous  and  uniform  mix  can  be  obtained.  It  has  a number  of  dis-  | 
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{vantages  which  are  inaccurate  control  of  depth,  inaccurate  proportioning 
‘ asphalt,  non-uniform  mixing  and  delays  and  damage  from  bad  weather, 
fiese  objections  added  to  the  advantages  of  mixing  machines  are  gradually 
iminating  the  mixed-in-place  method  from  general  use.  Several  types  of 
avelling  mixing  machines  have  been  used  on  this  work  and  all  of  them 
bparently  do  good  work.  The  asphalt  is  better  distributed  for  machine 
ixes  containing  the  same  quantity  of  asphalt  are  richer  in  appearance 
jian  road  mixes.  It  is  sometimes  possible  to  reduce  the  quantity  of  cut- 
lick  asphalt  as  much  as  15%  for  a 5"  base  when  machines  are  used. 
Ibis  reduces  the  theoretical  asphalt  content  by  almost  1%  by  weight, 
elays  due  to  adverse  weather  are  reduced  because  the  material  can  be 
etter  protected.  The  actual  proportioning  of  the  mixture  is  generally 
fependent  on  the  size  and  moisture  content  of  the  windrow  ahead  of 
le  machine  and,  therefore,  the  windrow  must  be  carefully  formed  if  ac- 
I irate  results  are  obtained.  There  is  still  room  for  improvement  in  the 
esign  of  the  travelling  mixing  plants  as  none  of  the  present  machines 
ipear  to  possess  all  of  the  advantages  which  might  be  included.  A central 
[ixing  plant  for  small  jobs  particularly  shoulder  work  is  being  widely 
sed  in  $outh  Carolina.  This  type  of  plant  possesses  all  of  the  advantages 
\\l  the  traveling  mixing  plant  and  when  used  for  small  projects,  it  is 
Lore  economical  than  road  mix  methods. 

The  percentage  of  moisture  in  the  soil  at  the  time  of  mixing  is  very 
nportant.  A small  quantity  of  moisture  approximately  6 to  8%  in  the 
verage  graded  sand  is  of  great  benefit  in  mixing  but  an  excess  of  water 
p ths>t  the  moisture  in  the  sand  is  considerably  above  the  saturation 
oint  or  there  is  free  water  present  is  deterimental.  When  over  8%  mois- 
ire  is  present,  mixing  is  much  more  difficult  and  drying  after  mixing 
; extremely  expensive.  Also,  it  appears  that  the  additional  manipula- 
on  required  for  drying  causes  some  of  the  asphalt  to  disappear  or  become 
i active  as  binder.  An  explanation  for  this  particular  trouble  has  not  been 
aund.  When  free  water  is  present  the  sand  grains  are  hard  to  coat 
nd  even  when  they  appear  to  be  coated  the  asphalt  can  be  displaced 
mm  them  by  additional  mixing.  Wetting  of  the  mixture  immediately 
fter  the  asphalt  has  been  applied  is  also  very  troublesome.  Water  appears 
p wash  the  asphalt  from  the  sand  grains  and  the  asphalt  forms  into 
mall  balls  which  are  very  difficult  to  redistribute  in  the  mix.  It  is  usually 
Necessary  to  add  additional  asphalt  to  a mix  which  is  wetted  before  any 
f the  naphtha  evaporates.  None  of  the  stripping  tests  which  are  com- 
lonly  used  have  been  applied  with  success  in  predetermining  the  affinity 
f sands  for  asphalt.  The  particles  are  essentially  quartz  and  most  of 
hem  are  rounded. 

Most  of  the  volatile  materials  in  the  mix  must  be  evaporated  before 
he  mix  is  spread  and  compacted  and  experience  is  of  great  benefit  in 
letermining  when  the  mix  is  in  condition  for  compaction.  It  must  still 
mntain  a sufficient  amount  of  volatile  material  so  that  it  can  be  spread 
miformly  but  the  moisture  content  and  naphtha  content  must  be  relatively 
ow  or  the  mix  will  crack  and  ravel  after  compaction.  Laboratory  tests 
vill  not  measure  definitely  when  the  mixture  is  in  a condition  satis- 
factory for  compaction  because  of  the  great  variations  in  the  soils  and 
die  opinion  of  an  experienced  man  in  watching  the  material  as  it  comes 
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from  the  road  machine  blade  or  in  testing  it  by  feel  is  at  present  mol 
definite.  The  quantity  of  moisture  is  much  more  critical  than  the  naplitl  j 
Experience  in  South  Carolina  shows  that  the  mix  should  not  conta.l 
over  6%  moisture  when  it  is  compacted. 

Mixes  in  which  the  soil  is  high  in  silt  or  clay  content,  up  to  30  j 
passing  the  No.  200  sieve,  can  be  compacted  with  considerably  moil 
naphtha  or  moisture  than  those  in  which  fine  particles  are  absent.  ( 
has  been  mentioned  before  that  fine  particles  increased  the  stability,  b 
they  also  decrease  the  curing  period  and  it  has  been  possible  to  compa  j 
a few  experimental  sections  in  which  the  soil  contained  a high  percer  I 
age  of  fine  particles  almost  immediately  after  mixing. 

Compaction  is  generally  secured  by  traffic  over  a period  of  sever!! 
weeks,  but  in  Florida  a 3 to  10  ton  tandem  roller  is  used  and  the  coil! 
paction  period  is  consequently  shortened.  Loaded  trucks  can  also  be  us<1 
if  it  is  desirable  to  secure  compaction  quickly.  Compaction  by  traffic  h 
the  objection  of  forming  a crust  on  the  surface  and  there  is  usually  ,1 
considerable  difference  in  density  of  the  base  in  the  top  and  bottom  po! j 
tions.  However,  over  a long  period  of  time  traffic  appears  to  consolida  i 
almost  the  entire  base.  During  the  compaction  period  the  surface  mu 
be  machined  very  frequently  in  order  to  obtain  an  acceptable  riding  su 
face.  In  Florida,  a road  machine  with  the  blade  heated  at  the  back  1 
oil  burners  has  proved  effective  in  drying  the  soil  and  in  the  final  finis 
ing.  The  added  heat  increased  the  workability  of  the  mix  and  evaporatiq 
but  it  is  most  useful  in  drying  the  raw  soil  before  the  addition  of  tl 
bituminous  material.  This  equipment  has  been  tried  in  South  Carolina  ar 
it  was  observed  that  the  heat  damaged  the  mold-board  of  the  machine  [ 
such  an  extent  that  it  would  bend  when  pulled  against  a stump  or  simikj 
object.  With  special  blades  made  to  withstand  the  heating,  it  is  believe 
that  this  device  would  aid  very  materially  in  construction  work,  especial]!: 
in  the  cooler  months. 

A sheeps  foot  roller  has  been  used  in  some  instances  for  compactic 
but  this  equipment  has  not  been  thoroughly  investigated  for  sand  aspha 
mixes.  In  one  case  in  which  it  was  tried  the  feet  would  not  work  or 
due  to  high  moisture  content  or  lack  of  cohesion  in  the  mix  but  in  anotht 
mixture  containing  less  bitumen  it  appeared  to  work  satisfactorily  1 
within  about  I/'  of  the  surface. 

The  finished  compacted  depth  used  in  various  states  varies  from  4 
to  6",  although  at  least  one  project  is  8"  thick.  No  experiments  or  labor;; 
tory  tests  ha\  e been  made  to  show  the  theoretical  depth  which  shoul 
be  used.  The  depth  is  dependent  on  the  subgrade,  traffic,  weather  cor 
ditions  and  the  stability  of  the  mix,  and  when  all  of  these  factors  ail 
considered,  it  would  be  very  difficult  to  test  for  depth  experimental! 
However,  the  depths  in  various  states  are  proving  satisfactory  and  i| 
South  Carolina  4"  compacted  is  used  on  light  travelled  roads  and  5"  fc| 
heavier  traffic.  It  is  entirely  possible  that  greater  economy  can  be  a 
fected  by  varying  depths  even  more  than  is  now  done. 

Sand  Asphalt7’  is  widely  used  not  only  as  a base  for  new  coil 
struction  but  for  patching,  particularly  repairing  old  surface  treatmer| 
roads  in  which  the  soil  base  material  is  unsatisfactory.  A covering  cl 


>proximately  3"  of  sand  asphalt  over  old  surface  treatment  has  given 
;cellent  results  in  many  installations  and  it  appears  to  be  the  easiest  and 
jr  far  the  most  economical  method  of  repairing  this  type  of  road  where 
ndy  soil  is  available.  One  section  of  road  through  a river  swamp  was 
paired  four  years  ago  in  this  manner  and  since  then  repairs  have 
-en  negligible.  This  particular  road  carries  heavy  truck  traffic  (about 
10  per  day)  and  the  water  table  is  only  about  two  feet  below  the  road 
irface,  the  subgrade  is  very  plastic  “gumbo”  clay,  and  the  road  is 
object  to  overflow  during  flood  periods. 


Sand  asphalt  mixtures  are  also  used  for  shoulder  treatment  or  widen- 
g of  regular  pavements  and  the.  small  stationary  mixing  plant  is  par- 
jeularly  adaptable  for  this  type  of  construction. 

Due  to  the  effort  to  keep  this  road  as  low  as  possible  in  initial  cost, 

* is  usually  necessary  to  use  the  soil  most  economically  available  and 
lapt  the  remainder  of  the  process  to  the  soil,  but  wherever  possible 
le  soil  should  be  selected  so  as  to  secure  the  best  graded  material  avail- 
)le  with  plenty  of  fine  particles  and  one  which  will  give  the  densest 
)ssible  mixture.  There  is  wide  latitude  in  grading  of  the  soil,  bitumen 
intents,  and  methods  of  construction  for  this  type  of  base,  but  there 
*e  certain  fundamentals  which  must  be  observed  if  a sitisfactory  job 
obtained.  These  are  proper  proportioning  of  the  bituminous  material, 
w moisture  content  for  initial  mixing,  low  moisture  and  naphtha  content 
t time  of  compaction  and  thorough  compaction.  If  these  are  controlled 
ood  results  can  always  be  expected.  Laboratory  tests  are  not  as  useful 
i designing  and  controlling  this  type  of  construction  as  they  should 
B,  but  this  is  due  to  the  wide  latitude  which  is  possible  in  many  of  the 
iquirements  and  to  the  effort  to  avoid  cost  refinements  in  the  work. 


GRADING  OF  TYPICAL  COARSE  AND  FINE  SAND  USED  IN 
CONSTRUCTION  OF  SAND  ASPHALT  BASES 


Sand  Clay  Grading  of  Sand 

Surface  Area 

Pass  No.  20 

Pass  No.  60 

Pass  No.  100 

Sq.  Ft.  Per 

Let.  No.  20 

Ret.  No.  60 

Ret.  No.  100 

Ret.  No.  200 

Pass  No.  200  100  lbs. 

6.7 

79.3 

10.9 

2.3 

0.8 

36.3 

0.3 

2.4 

17.4 

62.8 

17.1 

154.0 
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MIXING  MACHINE 
(Rear  View) 
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MIXED  WINDROW 


COMPACTING  EDGES 


SPREADING  AND  AIRING 


COMPACTING 


FINISHING 
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MIXING  MACHINE 


FINISHING 
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(ole  of  the  Swell  Test  in  the  Selection  of  Materials  and 
Design  of  Dense  Graded  Bituminous  Mixtures 

J.  W.  POWERS,  Engineer  of  Materials 
and 

W.  G.  O’ HARR  A,  Chemist 
Arizona  State  Highway  Commission 
Phoenix,  Arizona 


The  swell  test  is  a rapid  and  relatively  simple  test  to  determine 
the  stability  a bituminous  treated  material  subjected  to  the  action  of 

water.  This  study  in  fundamentals  is  based  on  comments  made  from  time  to 
time  that  oils  from  different  sources  and  different  methods  of  manufacture 
did  not  give  the  same  results  with  the  same  mineral  aggregate.  It  was 
also  thought  that  there  were  other  factors  which  might  possibly  effect 
the  results  of  the  test. 

In  the  light  of  present  day  technic,  it  seemed  desirable  to  follow 
'up  the  expressed  thought  that  results  were  not  reproductible.  E.  F. 
Kelley  Chief  of  Division  of  Tests,  Bureau  of  Public  Roads,  in  a paper 
appearing  in  the  Proceedings  of  the  National  Research  Council*  on  stripping 
tests,  makes  the  statement  that  “The  test  brought  out  a substantial 
difference  in  the  behavior  of  the  cracked  and  uncracked  asphaltic  materials. 
The  cracked  materials  possessed  much  greater  resistance  to  stripping 
than  did  the  uncracked.  The  difference  in  this  respect  was  very  marked  for 
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the  slow  curing  liquid  asphaltic  materials  and  to  a lesser  degree  wr 
the  cutbacks,  emulsions  and  the  penetration  asphalts.”  The  results  I 
this  paper  show  the  same  trend. 

The  factors  studied  were : 

1.  Effect  of  length  of  time  of  immersion  of  the  test  specimen 
in  water. 

2.  Effect  of  maximum  particle  size  of  the  mineral  aggregate 
upon  the  test  results  obtained. 

3.  Effect  of  oils  produced  from  different  types  of  crudes  and 
subjected  to  different  kinds  of  processing. 

In  order  to  get  a cross-section  of  SC-2*  oils  produced  and  use 
throughout  the  United  States  and  Canada,  we  requested  oils  from  con 
panies  in  different  areas.  This  request  procured  for  us  twenty-eigh 
samples  of  oil  from  the  United  States  and  one  from  Canada.  The  analyse 

of  these  oil  samples  are  reported  in  Table  1. 

Mineral  aggregates  used  with  these  oils  were  from  five  sources  whicll 
actually  have  been  used  in  constructing  oil  roads,  and  two  from  on 
source  which  had  been  turned  down  for  use  because  of  excessive  swell 

Physical  test  results  in  these  mineral  aggregate  are  reported  in  Table  2 

Sample  51603  represents  mineral  aggregate  actually  used  in  construct 
tion  in  1928  on  the  Phoenix-Yuma  highway  between  Hassayampa  am 
Gillespie  Dam  (approximately  11  miles).  The  oil  used  was  60+  road  oil 
the  resulting  mix  emulsified  badly  as  shown  by  Figure  1. 

Sample  51604  represents  mineral  aggregate  actually  used  in  con 

struction  in  1929  on  the  Globe-Safford  highway  extending  from  Globe  t( 

approximately  six  miles  east.  The  oil  used  was  60+  road  oil  and  th< 

resulting  mix  emulsified  badly  giving  the  roadway  almost  identically  tin 
same  appearance  as  shown  in  Figure  1. 

Sample  51605  represents  mineral  aggregate  actually  used  in  con 

struction  in  1930  on  the  Mesa-Superior  highway  beginning  at  Apache  June 
tion  and  extending  approximately  7 miles  southeast.  The  oil  used  was 
60+  road  oil.  This  material  rapidly  lost  its  life  and,  though  it  dici 
not  show  signs  of  emulsifying,  raveled  badly. 

Samples  51612  and  51613  represent  a prospect  of  the  Yuma-Gila  Bendj 
highway  approximately  five  miles  west  of  Gila  Bend.  It  was  not  used  or 
account  of  excessive  swell  of  samples  from  prospect  pits. 

Sample  51614  represents  mineral  aggregate  used  in  1932  on  the  Florence- 
Tucson  highway,  beginning  approximately  ten  miles  southeast  of  Picacho 
and  extending  ten  miles  to  the  Pinal-Pima  County  line.  The  resulting 
mix  emulsified  slowly,  even  though  cutback  asphalt  wTas  used  as  a binder 
with  the  hope  that  it  would  prevent  such  action  because  original  determina- 
tions showed  excessive  swell  with  60+  road  oil.  The  cutback  used  was 
specified  as  100-200  asphalt  cut  with  18%  to  21%  kerosene. 

Sample  51825  represents  material  first  mixed  in  about  1930  and  sub- 
sequently used  with  all  type  oils  on  many  hundreds  of  miles  with  satis- 
factory results. 

*See  specification  T101-38,  Standard  Method  of  Determining-  Swell  of  Bituminous  Mix- 
tures, adopted  by  A.  A.  S.  H.  O.  which  uses  only  SC-2  oils  in  this  test. 
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PROCEDURE 


Preparation  of  Sample — All  samples  were  first  screened  over  1"  square, 
square,  square  and  No.  3 sieve.  Then  material  passing  No.  3 sieve 
vas  split  to  approximate  quantity  for  each  mix  by  means  of  a mechanical 
sampler  and  recombined  to  the  grading  shown  in  Table  2 for  the  1 inch 
swell  determination. 

I 

I in  preparing  the  samples  of  passing  No.  10  material  for  test,  the 
lassing  No.  3 material  was  split  down  to  the  approximate  quantity  re- 
quired and  then  screened  through  a No.  10  sieve  before  mixing  with  oil. 
The  required  amount  was  weighed  from  this  material.  1,500  gram  samples 
;)f  passing  1 inch  material  and  500  gram  samples  of  passing  No.  10  ma- 
terial were  used  for  the  two  methods  of  determination  of  swell. 

The  entire  series  of  samples  of  mineral  aggregate  were  oven-heated 
o 105°  C.  and  hand-mixed  with  each  oil.  The  quantity  of  each  oil  added 
o the  mineral  aggregate  was  the  same  for  a series  of  tests  (see  Table  2). 
lifter  complete  mixing,  the  sample  was  hand-tamped  into  the  test  ring 
md  compressed  against  a steel  plate  by  means  of  a plunger  under  a load 
>f  2,000  pounds  per  square  inch  applied  at  the  rate  of  0.1  inch  per  minute. 
Three  inch  diameter  rings,  two  inches  high  were  used  for  the  passing 
No.  10  material,  and  four  inch  diameter  rings,  four  inches  high  were  used 
:or  the  passing  1 inch  material.  After  compression,  the  plunger  end  (or 
oottom)  of  the  test  specimen  was  sealed  with  paraffine.  The  elevation 
if  the  top  wTas  then  measured  by  means  of  an  Ames  dial  supported  on 
L tripod  which  rested  upon  the  edge  of  the  steel  ring  and  readings  were 
:o  the  nearest  .001  inch.  After  compression,  sealing  and  measuring,  the 
toil  mix  filled  rings  were  immersed  in  tap  water  over  night  (16  hours). 
Each  was  then  removed  and  the  Ames  dial  reading  again  taken.  Samples 
were  then  replaced  in  the  water  for  24  additional  hours.  This  procedure 
was  repeated  until  the  completion  of  the  test. 

Sample  51604  was  tested  for  swell  on  the  passing  No.  10  material 
mly,  as  there  was  insufficient  material  for  further  work. 

Sample  51614  was  tested  for  sixteen  hours  only  on  the  passing  No. 
jlO  material  because  at  that  time  we  had  not  realized  the  necessity  of 

Ionger  time  immersion. 

ANALYSIS  OF  RESULTS  OBTAINED 

I L 

1.  Effect  of  length  of  time  of  immersion  of  the  test  specimen  in  water. 

Materials  with  very  little  swell  show  only  slight  increases  in  amount 
of  swell  for  time  periods  greater  than  16  hours  as  shown  by  aggregates 
51605  and  51825— Table  3;  and  aggregates  51605,  51614  and  51825- 
Table  4. 

Samples  showing  appreciable  amounts  of  swell  at  16  hours  will  show 
appreciable  gain  in  swell  at  40  hours,  and  somewhat  less  increase  of  swell 
for  time  periods  of  64  and  88  hours.  This  effect  is  more  noticeable  in 
the  passing  No.  10  material  than  it  is  with  passing  1-inch  material.  See 
[samples  51603,  51604,  51612,  51613,  Table  3;  and  samples  51603,  51612, 
[51613,  Table  4. 
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2.  Effect  of  maximum  particle  size  of  the  mineral  aggregate  upon  the  tes 
results  obtained. 

Passing  #10  sieve  material  produces  higher  swell  than  does  passin 
1"  material.  However,  either  size  material  can  be  used  in  making  swe 
tests  by  providing  a proper  specification  limit  to  correspond  to  maximur 
size  used. 

3.  Effect  of  oils  produced  from  different  kinds  of  crudes  and  subjected  t 
different  kinds  of  processing. 

The  source  (geographically)  and  processing  (by  producer)  of  oil 
used  in  tests  caused  the  most  effect  upon  the  swell.  It  may  have  bee] 
fortunate  in  the  original  work  on  swells  that  oils  from  only  one  sourc 
(California)  were  available  and  as  a consequence  results  were  reproducible! 
However,  the  composite  picture  as  outlined  here  shows  that  results  on  th 
same  mineral  aggregate  vary  unless  oils  have  certain  characteristics. 

It  will  be  noted  from  aggregates  51605  and  51825,  Fig.  4,  and  51605; 
Fig.  6 and  51825,  Fig.  7,  that  good  aggregates  show  practically  constan 
and  very  low  swells  with  all  the  oils  used.  It  will  be  noted  however,  tha 
extremely  poor  materials  have  the  swell  definitely  diminished  by  som 
oils;  see  51603,  51604,  Fig.  2,  51612  and  51613,  Fig.  3,  and  51612,  Fig  '! 
and  51613,  Fig.  6.  An  intermediate  grade  of  aggregate,  see  51614,  Figs! 
4 and  7 shows  some  effect  of  swell  diminution  with  certain  oils. 

It  is  also  noted  that  an  oil  which  diminishes  the  swell  of  one  minera 
aggregate  will  have  a similar  effect  upon  other  mineral  aggregates  how* 
ever  not  always  to  the  same  degree.  Oil  samples  11,  7,  5,  20,  8,  2,  and  1 
show  this  diminution  to  a marked  degree;  samples  29,  21,  19,  6,  17,  anc 
13  show  consistently  high  swells. 

The  oil  samples  have  been  arranged  in  the  tables  and  figures  accord 
ing  to  decreasing  Oliensis  Xylene  equivalent.  It  is  a very  evident  f ac  j 
that  oils  with  an  Oliensis  Xylene  equivalent  equal  to  or  greater  thai 
69%  definitely  diminish  the  swell.  The  reverse  of  this  statement  doet 
not  hold  true;  however,  it  is  true  in  most  cases,  the  two  exception; 
being  oil  1 and  12.  These  oils  are  both  Oliensis  negative  and  yet  show 
diminution  of  the  swell. 

The  general  statement  might  be  made  at  this  point  that  an  oil  o:; 
less  than  30  Xylene  equivalent  can  be  used  in  most  cases  in  making  the 
swell  test  to  show  unsatisfactory  mineral  aggregate. 

Extractions  were  made  to  determine  the  type  of  oil  that  had  beer, 
used  in  the  original  construction  of  the  projects  on  which  these  minera 
aggregates  were  used.  Old  samples  of  the  completed  mix  stored  in  fric 
tion  lid  buckets  were  extracted  with  benzol  and  Oliensis  Xylene  equivalent 
and  modified  Oliensis  were  run  on  the  residue  from  distillation  to  680°  F 
Swells  were  also  run  on  these  samples.  The  results  are  shown  in  Table  5 

It  will  be  noted  that  in  all  these  samples  the  Xylene  equivalent  iff 
less  than  19%,  showing  there  is  little  probability  of  swell  diminution  fron 
the  oil.  However,  there  is  a possibility  of  some  selective  adsorption  oi 
those  constituents  of  the  oil  which  cause  a high  Xylene  equivalent,  tliuf | 
not  showing  them  in  their  true  light.  It  is  also  noted  that  the  swells 
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m the  old  retained  samples  are  much  less  than  on  freshly  mixed  samples. 
These  are  phenomena  of  ageing  or  oxidation  of  some  nature  and  an 
explanation  will  not  be  attempted  here. 

In  concluding  this  paper,  it  seems  advisable  to  make  the  following 
;tatements : 

1.  If  the  swell  test  is  to  be  used  as  a basis  for  acceptance  of  min- 
eral aggregate,  the  characteristics  of  the  oil  used  in  such  testing  will 
lave  to  be  specified. 

2.  Based  on  this  data,  the  oil  (SC-2)  used  in  testing  should  have 
in  Xylene  equivalent  of  30%  or  less. 

3.  The  results  of  these  laboratory  tests  indicate  that  the  service 
behavior  of  questionable  mineral  aggregates  may  be  modified  by  certain 
)ils. 


FIG.  1. 


SHOWS  EXTENT  TO  WHICH  EMULSIFICATION  TOOK  PLACE  ON  MATERIAL 
REPRESENTED  BY  SAMPLE  51603.  BACKGROUND  SHOWS  EFFECTIVENESS 
OF  SEAL  COAT  IN  PREVENTING  INTRUSION  OF  WATER,  THUS  AIDING 

IN  PRESERVING  ROAD. 
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Inches  Swell-  Fbsstnq  Mo.  !0  Steve  - 40 Moors-  3 me h fc/nq 
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Oltensis  - % Xylene  Equivalent 
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♦Modified  Oliensis— Same  as  oliensis  except  10.0  ml.  solvent  and  2 gr.  oil+  .02  gr.(  used. 
Solvent  consists  of  35%  Xylene  and  65%  n-Heptane  of  knock  rating  grade. 
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Sample  No. — 

51603 
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51605 

51612 

51613 

51614 

51825 

Project  No.  — 

64A 

87C 

93B 

56 

56 

94D 

Salt 

River 

SIEVE  ANALYSIS 

AS  USED 

Retained  on 
Sieve  No. 

1" 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

%" 
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6.67 
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6.67 

6.67 
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5.46 
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2.64 

ANALYSIS  MATERIAL 

PASS  NO. 

40 

Liquid  Limit 

36 

43 

29 

25 

31 

28 

21 

Plastic  Limit 

23 

23 

0 
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27 

19 
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Plastic  Index 

13 

20 

0 

0 

4 

7 

0 

Field  Moisture 
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26 

35 
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24 

30 

23 

19 

Centrifuge  Moisture 
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7 
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13 
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Shrinkage  Limit 
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ANALYSIS  MATERIAL 

PASSING 

NO.  10 

Moisture  Equivalent 
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14.4 

15.8 

Lineal  Shrinkage 
(Rose) 

1.56 
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0.00 

PERCENT  OF  OIL  ADDED  TO  MAKE  SWELL 

Material  Passing 
No.  10  Sieve 

13.0 
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8.00 
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8.00 

Material  Passing  1 

" 5.33 
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4.33 

5.33 

4.67 
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SWELL  TEST  — MATERIAL  PASS  NO.  10  SIEVE  — 3"  RING 
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SWELL  TEST  — MATERIAL  PASS  1"  - 4"  RING 
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TABLE  5 


OLIENSIS  TESTS  ON  DISTILLATION  RESIDUE  OF  OIL 
EXTRACTED  FROM  OLD  SAMPLES 


Material  From 

Same  Source 

as  Sample  No.  Oliensis 

Xylene 

Equivalent 

Modified 

Oliensis 

Swell  - Passing 
No.  10  Sieve 

51603 

+ 

10-15 

— 

0.088 

51603 

+ 

10-15 

— 

0.114 

51604 

4 

15-20 

— 

0.026 

51604 

+ 

25-30 

— 

0.032 

51605 

+ 

35-40 

+ 

0.011 

51605 

+ 

15-20 

— 

0.014 

51614 

— 

0 

— 

0.009* 

51614 



0 



0.007* 

^Cutback  asphalt  in  mix. 
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Dense  Graded  Bituminous  Mixtures 
Factors  Influencing  the  Design 

By 

I.  E.  RUSSELL 

Materials  Engineer 
Wyoming  Highway  Department 
Cheyenne,  Wyo. 

Having  started  the  construction  of  bituminous  surfaces  in  1927,  we 
have  now  completed  eleven  years  of  experience.  During  that  time  we  have 
constructed  many  different  types,  ranging  from  thin  mats  of  SC  oils  with 
little  or  nor  bases,  through  the  heavier  MC  mats  and  up  to  two  inch  pene- 
tration macadam  surfaces  on  heavy  crushed  rock  bases  using  as  a binder 

95—}—  residual  oil.  We  point  with  pride  to  the  fact  that,  although,  in 

some  instances  maintenance  costs  have  been  high,  not  one  of  these  projects 
has  ever  reverted  to  a surface  condition  of  a lower  type. 

I shall  endeavor  to  trace  briefly  our  experiences  with  the  various 
types,  give  our  reasons  for  the  selection  of  the  binder  used,  point  out 
our  failures  encountered  and  the  reasons  and  then  lead  up  to  our  present 
design  principles  which  have  evolved  from  our  past  experiences.  Funds 

for  research  have  been  practically  nil  and  what  progress  we  have  made 
in  the  construction  of  bituminous  surfaces  has  been  largely  the  result 

of  experience.  This  condition  is  gradually  changing  however,  and  much 
closer  control  is  now  being  exercised  by  the  laboratory. 

The  thin  mats  built  in  the  early  days  of  oil  construction  were,  of 
course,  necessary  since  many  miles  had  to  be  built  with  our  limited  funds. 
In  many  instances  only  sufficient  gravel  was  present  on  the  roadway  to 
build  mats  of  one  inch  or  less  in  thickness,  leaving  none  for  a base. 
The  clamor  for  more  miles  of  oiled  surfaces,  however,  made  it  expedient 
on  the  part  of  our  Highway  Officials  to  oil  what  was  left  on  the  surface. 
Since  even  a fair  oiled  surface  is  far  superior  to  a dusty  gravel  road  the 
course  taken  was  fully  justified.  Moreover,  the  failures  experienced  with 
these  thin  mats  have  been  an  excellent  guide  to  later  construction. 

At  that  time  the  only  type  of  binder  available  was  a residual  oil 
having  approximately  60%  of  100  penetration  residue.  Grades  were  nar 
row  and  the  mats  had  to  be  extended  practically  to  the  slope  line  leaving 
little  or  no  support  for  the  mat  edges.  The  most  common  failures  were 
shoving  and  rutting  at  the  edges  causing  depressions  into  which  water 
settled  and  finally  found  its  way  through  the  mat  to  saturate  the  soil 
below  and  destroy,  still  more,  its  stability.  Corrugating  of  the  surfaces 
also  occurred  consistently,  because  of  over  rich  mixtures  and  wet  sub- 
grades. Some  trouble  was  experienced  with  surface  ravelling  but  this  was 
quickly  checked  by  the  use  of  plain  seal  coats. 

Oil  was  applied  to  the  gravel  on  the  road  surface  directly  bv  means 
of  pressure  distributors.  It  was  practically  impossible  to  maintain  con 
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stant  speeds  up  and  down  long  grades  which  resulted  in  lean  and  rich 
spots  in  the  finished  surfaces.  Travelling  plants  have  eliminated  this  condi-  ; 
tion  under  present  practices  and  by  keeping  the  percentage  of  oil  relatively 
low,  the  tendency  toward  corrugating  of  the  surfaces  has  been  definitely 
corrected.  Thorough  seal  coating  of  all  projects  has  eliminated  the  infiltra- 
tion of  surface  waters  which  had  the  effect  of  destroying,  to  some  extent, 
the  binding  power  of  the  oil  as  well  as  the  weakening  of  the  supporting 
power  of  the  base  and  subgrade. 

Soon  after  the  advent  of  the  medium  curing  types  of  cutbacks,  this 
department  launched  an  extensive  program  of  bituminous  mat  construc- 
tion using  MC-3  as  the  binding  medium.  We  fully  expected  to  produce  a 
surface  far  better  in  all  respects  than  we  had  been  able  to  with  the 
residual  oils.  Slow  curing  oils  were  definitely  eliminated  and  only  a 
few  projects  were  built  using  RC-3  as  a binder. 

Three  years  experience  with  the  MC-3  binder  has  fully  demonstrated 
to  us  that  the  type  of  oil  for  a given  project  should  not  be  arbitrarily 
set  but  rather  that  all  conditions  should  be  considered  before  making  a 
definite  decision.  We  have  found  that  MC-3  when  used  as  a binder 
develops  a harder,  tougher  mat  and  one  which  is  less  susceptible  to  mois- 
ture. While  not  as  critical  as  regards  the  correct  proportioning  of  oil 
and  aggregate,  we  have  had  a few  failures  develop  because  of  using  ex- 
cessive amounts  of  MC-3.  This  type  of  binder  lends  itself  ideally  to  the 
construction  of  crushed  rock  mats  especially  where  relatively  small  per- 
centages of  fines  are  developed  in  the  crushing  process.  Our  practice, 
in  the  building  of  this  type  of  mat,  is  to  mix  the  crusher  material — 
%"  maximum  size — without  adding  any  filler.  After  the  mat  is  laid  ; 
and  rolled,  a sand  seal  is  placed  on  the  surface  in  such  amount  as  to 
thoroughly  and  tightly  seal  against  surface  water.  An  excellent  mat  is 
developed  in  this  manner  and  a considerable  saving  of  oil  is  effected 
by  eliminating  the  use  of  a filler. 

Practically  all  of  our  aggregates  are  developed  from  roadside  deposits 
which  in  a great  many  instances  contain  high  percentages  of  fines 
These  materials  lend  themselves  readily  to  SC  type  of  mat  construction 
the  fines  and  the  resultant  dense  grading  developing  a stability  with  a 
lighter  binding  medium  fairly  comparable  to  that  obtained  with  the 
heavier  cutbacks  and  crushed  rock. 

Much  attention  is  given  to  the  average  annual  precipitation  in  the 
area  of  a given  project  before  a decision  as  to  the  type  of  binder  is 
made.  If  the  mat  is  to  be  subjected  to  heavy  winter  snows  and  high 
rainfall,  the  decision  is  usually  in  favor  of  MC-3,  since  our  experience 
has  shown  that  such  mats  are  less  subject  to  damage  from  this  source. 
Swell  tests  and  stability  tests  of  the  aggregate  to  be  used  are  also  made 
using  various  types  of  binder  and  the  results  of  these  tests  are  likewise 
considered  in  making  the  final  decision.  If  the  decision  otherwise  is 
in  favor  of  MC-3,  however,  the  latter  tests  usually  confirm  the  decision 
since  as  a rule  a given  aggregate  will  show  less  tendency  to  swell  and 
will  develop  more  stability  when  mixed  with  MC-3  than  when  mixed 
with  SC-3. 

A few  projects  have  been  constructed  in  which  we  used  MC-2  as 
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I the  binding*  medium  but  this  type  of  cutback  proved  entirely  unsatis- 
factory because  of  its  lack  of  cementitiousness.  The  mats  develop  brittle- 
ness, broke  up  badly  and  the  mixture  appeared  “lifeless.” 

RC-2  has  also  been  used  with  a few  crushed  rock  mats  and  has 
proven  entirely  satisfactory.  Since,  however,  equally  satisfactory  mats 
can  be  developed  with  crushed  rock  and  MC-3,  the  latter  type  of  binder 
is  now  used  exclusively  for  this  type  of  construction,  because  it  is  much 
easier  to  handle  from  a construction  standpoint. 

Several  years  ago  a number  of  projects  were  built  by  the  plant  mix 
method  but  this  was  abandoned  in  favor  of  the  road  and  traveling  plant 
mix  since  the  quality  of  the  finished  job  did  not  seem  to  warrant  the 
additional  cost.  SC-4  was  used  exclusively  as  a binder  in  all  of  these 
projects. 

For  the  first  time,  we  are  this  season  using  SC-4  with  gravel  ag- 
gregate on  one  project  to  determine  whether  or  not  it  can  be  successfully 
handled  in  the  travelling  plant  and  road  mix  construction.  Results  indi- 
cate that  it  can  be  mixed  with  very  little  more  difficulty  and  we  will 
very  likely  specify  this  grade  when  slow  curing  oils  are  to  be  used  as 
the  binder. 

Summarizing,  then,  as  regards  the  types  and  grades  of  liquid  as- 
phalts used  and  our  reasons  therefore,  we  find  that  experience  has 
lead  us  to  the  following  conclusions.  MC-3  has  proven  more  satisfactory 
for  the  more  open  type  of  crushed  rock  mat  due  to  its  better  binding 
quality  in  the  absence  of  finer  sizes  in  the  aggregate.  For  the  same  reason 
|it  has  proven  more  effective  with  the  fairly  dense  graded  crushed  grave] 
types  which  lack  the  higher  percentages  of  minus  200  mesh.  Due  to  the 
fact  that  it  offers  more  resistance  to  the  stripping  action  of  water  it 
has  been  our  choice  for  projects  in  those  areas  of  heavy  precipitation 
which  are  for  the  most  part  in  our  mountainous  regions.  Border  line 
cases,  where  either  MC  to  SC  might  be  used  to  equal  advantage  are 
decided  on  the  basis  of  the  swell  and  stability  tests. 

The  SC-3  type  of  oil  has  proven  its  value  with  the  dense  graded  type 
of  construction  under  conditions  far  less  favorable  than  those  under 
which  it  is  now  being  used  and  we  therefore  have  no  hesitancy  in 
specifying  its  use  when  the  aggregate  grading  is  such  as  to  justify  this 
grade.  Mixes  using  SC  are  kept  definitely  on  the  lean  side  since  our 
experience  has  shown  that  greater  stability  is  thus  developed  and  when 
thoroughly  sealed  against  surface  water  less  shoving  and  rutting  occurs. 
It  is  quite  likely  that  SC-4  will  be  substituted  for  SC-3  in  much  of  our 
work  in  the  future.  The  SC  oils  have  the  advantage  of  being  less  costly 
also. 

Our  experience  with  other  types  and  grades  of  oils  and  cutbacks 
has  satisfied  us  that  for  our  work  the  MC-3  and  SC-3  and  4 are  the 
only  ones  we  need  consider.  All  projects  are  given  a final  seal  coat 
and  for  this  we  have  found  RC-2  and  a special  grade  designated  as 
RC-1A  to  be  most  satisfactory.  The  latter  contains  more  volatile  diluent 
than  the  regular  RC-1  grade  and  has  a lower  penetration  residue.  It  is 
used  exclusively  for  sealing  SC  mats  when  no  cover  coat  is  applied. 
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The  RC-2  is  used  in  sealing  all  MC  mats  both  with  cover  and  without. 
Stone  chip  seals  are  being  specified  on  many  of  our  recent  jobs.  Past 
experience  here  again  has  demonstrated  that  the  life  of  a seal  of  this 
type  justified  the  added  cost.  The  non-skid  surface  developed  is  further- 
more an  added  safety  feature. 

Much  comment  has  recently  been  made  regarding  the  hardening 
of  liquid  asphalts  in  service.  We  have  checked  a few  of  our  projects 
and  find  this  to  be  true.  Samples  of  the  mixed  material  are  now  being 
forwarded  from  all  projects  for  extraction  and  analysis  of  the  oil.  Ad- 
ditional samples  will  be  taken  from  the  same  locations  from  time  to 
time  so  that  we  may  determine  the  extent  of  hardening  of  the  oil.  If 
we  find  that  progressive  hardening  is  taking  place  we  expect  to  take 
steps  to  improve  conditions,  probably  by  requiring  that  all  MC  products 
used  for  mixing  be  made  softer  base  asphalts. 

As  a result  of  past  experiences  many  changes  have  been  made  in 
our  present  designs.  Much  attention  is  being  given  to  the  construction  of 
grades.  Soil  samples  are  taken  during  preliminary  survey  of  all  projects 
and  data  is  obtained  in  the  laboratory  as  to  classification,  optimum  mois- 
ture and  density.  Charts  are  furnished  the  engineers  to  guide  them  as  to 
the  correct  amount  of  moisture  and  rolling  necessary  to  obtain  ideal 
compaction.  Follow  up  tests  are  made  during  construction  to  assure  den- 
sities which  are  at  least  equal  to  90%  of  that  obtained  by  standard 

laboratory  methods.  Sheeps  foot  rolling  of  the  outer  third  on  each  side 
of  all  projects  is  required.  Compaction  of  the  center  third  of  the  road- 
way is  accomplished  by  directing  thereon  as  much  hauling  as  possible  with 
the  heavy  equipment  operating  on  the  project.  When  necessary  some  ad- 
ditional rolling  with  sheeps  foot  rollers  is  also  used.  Special  attention 

is  given  to  the  shoulder  rolling  on  all  high  fills.  Slopes  on  fills  are  built 
as  follows  — up  to  3'-5  to  1,  3'  to  6'-4  to  1,  6'  to  10'-2  to  1 and  above 
10'-li/2  to  1. 

Eoad  beds  on  our  class  1 roads  are  36',  on  class  2 roads  they  are 
30'  and  on  secondary  roads  26'.  Base  course  of  both  pit  run  and  crushed 
gravel  are  constructed  in  courses  varying  in  thickness  from  four  inches 
on  Al-2  and  3 subgrade  soils  up  to  18  inches  on  the  poorer  types  of 

soil.  These  bases  extend  from  shoulder  to  shoulder,  the  trench  type 

of  base  construction  with  dirt  shoulders,  having  been  entirely  eliminated. 
All  bases  are  soil  bound,  watered,  processed,  shaped  and  rolled. 

Mats  on  our  36'  road  sections  are  built  to  a width  of  24'  leaving 
a 6'  gravel  shoulder  section  on  each  side  of  the  mat.  The  wide  grade 
with  flat  slopes  and  the  gravel  shoulders  afford  ample  side  support  and 
should  definitely  eliminate  our  mat  edge  failures.  22'  mats  are  placed 
on  both  the  30'  and  26'  road  sections.  Experience  has  demonstrated 
this  design  to  be  satisfactory  provided  the  grade  is  constructed  of  good 
soils  but  more  width  of  grade  and  at  least  four  feet  of  gravel  shoulder 
on  each  side  of  the  mat  should  be  provided  to  give  the  necessary  support 
when  subgrade  soils  classify  below  an  A-3  type.  One  recent  project  has 
definitely  proven  this  point.  The  grade,  in  which  an  A-6  soil  predominated, 
was  built  to  a 26'  width.  The  gravel  base  of  6"-4%"-6"  section  was  placed 
with  the  same  slope  as  the  grade  which  resulted  in  a width  at  top  of  gravel 
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section  of  approximately  22'.  The  mat  was  designed  for  22'  thus  leaving 
no  shoulder  to  support  the  mat  edge.  Melting  snows  and  spring  rains 
seeped  back  under  the  mat  for  a distance  of  about  two  feet  thus  weaken- 
ing both  grade  and  base  course.  Severe  cracking  of  the  mat  has  occurred 
for  this  distance  of  two  feet  on  each  side.  The  balance  of  the  surface 
is  in  excellent  condition.  Traffic  on  this  road  is  extremely  light  and 
could  have  by  no  means,  contributed  to  the  failure.  Thorough  compac- 
tion of  the  grade  and  wider  grades  and  shoulders  are  thus  shown  to  be 
essential  wherever  the  poorer  types  of  soils  must  be  used. 

The  new  design,  especially  that  used  on  our  class  1 roads,  with  wide 
well  compacted  grades,  heavy  well  bound  bases  and  wide  mats  with 
adequate  shoulders  gives  us  a finished  roadway  that  contrasts  most  favor- 
ably with  anything  we  have  heretofore  built.  We  are  confident  that 
most  of  our  past  failures  have  definitely  been  eliminated  and  that  we 
have  added  immeasurably  to  the  safety  of  our  highways. 


“Open-Graded  Type  of  Bituminous  Construction” 
Factors  Influencing  the  Selection  of  Aggregate  and 

Bituminous  Binder 

By 

JOHN  H.  SWANBERG 

Assistant  Engineer  of  Tests,  Inspection  and  Research 
Minnesota  Department  of  Highways 
St.  Paul,  Minnesota 

During  the  glacial  era  nearly  all  of  what  is  now  the  State  of  Minnesota 
was  covered  with  a great  ice  sheet  that  had  moved  down  from  the  Cana- 
dian highlands  carrying  with  it  quantities  of  rock  and  soil.  When  the 
ice  melted  it  segregated  large  quantities  of  sand  and  gravel  material 
which  were  deposited  to  form  eskers,  kames  and  outwash  plains.  These 
deposits  are  numerous  and  are  found  in  almost  every  portion  of  the 
state  and  consequently  are  a very  valuable  asset  in  supplying  low  cost 
aggregate  for  road  building  purposes.  Such  aggregate,  in  addition  to 
being  of  relative  low  cost,  consist  almost  entirely  of  sound  durable  par- 
ticles of  high  quality. 

In  order  that  such  readily  available  local  aggregate  might  be  used, 
the  Minnesota  Highway  Department  has  employed  a mixture  design  which 
would  be  favorable  to  its  use.  Practically  all  Minnesota  gravel  deposits 
contain  little  material  finer  than  the  No.  200  mesh  sieve,  the  percentage 
usually  being  less  than  four  per  cent.  In  other  words,  our  natural  deposits 
produce  relatively  clean  open-graded  aggregates  having  a void  content 
of  probably  from  20  to  30  per  cent. 

The  following  table  (Table  1)  illustrates  the  grading  of  a typical 
Minnesota  gravel  aggregate  and  gives  also  the  specification  limits  for 
aggregate  for  both  plant-mix  and  road-mix  construction. 

TABLE  1 


Specification  Requirements** 


Sieve  Size 
(Square  Opening) 

Typical  Minnesota 
Gravel* 

Per  Cent  Passing 

Plant-Mix 
Gravel  Aggregate 
Per  Cent  Passing 

Road-Mix 
Gravel  Aggregate 
Per  Cent  Passing 

% 

100 

100 

100 

% 

97 

95-100 

95-100 

% 

88 

65-95 

65-95 

No.  4 

60 

45-70 

— 

No.  10 

40 

35-45 

25-60 

No.  40 

20 

5-25 

5-35 

No.  200 

3 

0-7 

0-7 

* Crushed  to  % inch  maximum  size. 

**Our  present  specifications  specify  a maximum  loss  in  the  Los  Angeles  Rattler 
test  of  35  per  cent  and  with  not  more  than  15  per  cent  of  particles  showing  a loss 
in  excess  of  50  per  cent.  The  percentage  of  shale  and  other  unsatisfactory  ma- 
terials is  limited  to  five  per  cent. 
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To  utilize  such  aggregates  in  low  cost  road  construction,  two  alternatives 
suggest  themselves.  The  gravel  aggregate  could  be  supplemented  with 
non-expansive  soil  fines  so  that  the  voids  could  be  materially  reduced 
with  resultant  increase  in  stability.  With  such  a gradation  it  would  be 
possible  to  use  slow-curing  oils  as  the  bituminous  materials.  In  this 
method  it  would  be  necessary  to  carefully  control  the  mixture  and  pro- 
portion of  the  soil  fines  and  gravel  aggregate  which  although  not  a 
serious  problem  in  plant-mix  work  does  introduce  some  difficulties  in 
the  case  of  road-mix  construction. 

The  other  alternative  is  to  use  the  gravel  aggregate  as  found,  crush- 
ing the  same  to  a maximum  size  of  % inch.  In  such  event  it  is  necessary 
to  use  bituminous  material  which  would  lose  a volatile  fraction  leaving 
a heavy  viscous  binder  thus  contributing  to  the  stability  of  the  mix- 
ture. This  method  would  require  less  nicety  of  control  of  the  quantity 
of  bituminous  material  because  of  the  mixture  being  less  critical  to 

bitumen  content.  In  view  of  the  above,  it  has  been  the  policy  of  the 
Minnesota  Highway  Department  to  adopt  the  second  procedure  and  it 
has  worked  out  quite  satisfactorily.  To  date  there  has  been  no  displace- 
ment of  mat  which  could  be  attributed  to  faulty  grading  or  excess 
bituminous  materials.  Such  displacement  as  has  occurred  could  be  at- 
tributed directly  to  instability  of  the  base. 

For  the  purpose  of  this  paper  this  type  of  bituminous  construction 

is  called  “Open-Graded  Type”  to  be  consistent  with  the  nomenclature 

suggested  by  Mr.  J.  E.  Buchanan  at  the  last  conference.  He  defined 
Open-Graded  Aggregate  as  follows:  “A  graded  aggregate  with  a limited 
proportion  of  particles  passing  No.  10  sieve  and  not  more  than  5 per  cent 
passing  No.  200  sieve.” 

Probably  95  per  cent  of  the  low  cost  surfaces  constructed  by  the 
Construction  Division  are  being  placed  on  stabilized  clay-gravel  bases. 
This  is  desirable  and  essential  in  that  it  provides  adequate  base  support 
for  the  bituminous  surface  and  a smooth  uniform  surface  upon  which 
to  mix  and  place  the  bituminous  mat. 

Both  one  course  and  two  course  bituminous  wearing  surfaces  have 
been  placed  but  recent  experience  has  indicated  that  very  satisfactory 

results  can  be  obtained  using  one  course  construction  for  road-mix  surfaces 
and  for  the  most  part  such  is  the  present  procedure.  The  thickness  of  our 
mats  are  apparently  materially  thinner  than  those  commonly  laid  in  the 
Western  States  and  range  in  thickness  from  approximately  °<4  inch  to 
3 inches  with  the  latter  being  the  exceptional  cases.  The  usual  mat  is 
less  than  l1/^  inches  in  thickness,  although  1*4  inches  is  becoming  more 
and  more  the  standard  thickness.  It  is  recognized  that  although  a final 
thickness  approaching  3 inches  is  desirable,  the  thinner  mat  is  being  laid 
to  serve  traffic  until  such  time  as  it  is  felt  that  ultimate  stability  oi  the 
base  has  been  obtained  at  which  time  the  final  mat,  usually  plant-mix, 
can  be  laid. 

In  the  case  of  the  1%  inch  road-mixed  mat  laid  on  a stabilized  gravel 
base,  the  procedure  and  quantities  are  as  follows : 
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Gravel  aggregate  in  the  amount  of  125  pounds  per  square  yard  is! 
placed  on  the  road  and  mixed  with  from  0.65  to  0.95  gallon  of  MC-2  or 
MO-3  or  cold  application  tar  TC-5.  Prior  to  the  placing  of  the  gravel 
the  stabilized  base  is  primed  with  from  0.1  to  0.3  gallon  per  square  yard 
of  MC-1  or  TC-1.  A frequent  deviation  from  this  procedure  is  to  apply  j 
the  prime  coat  following  the  mixing  of  the  gravel  aggregate  and  bitumi- 
nous material  and  prior  to  its  spreading.  The  seal  coat  may  consist  of  a 
light  fog  seal  of  0.1  gallon  per  square  yard  without  cover,  or  a heavier 
seal  coat  with  a sand  cover. 

With  reference  to  the  plant-mixed  gravel  surfaces,  it  can  be  briefly 
stated  that  the  mixture  consists  of  gravel  conforming  to  the  specifications 
given  in  Table  1 and  from  4.4  to  4.8%  by  weight  of  cut-back  asphalt 
MC-4  or  MC-5,  or  an  equal  volume  of  hot  application  tar  TH-3.  Such  mix- 
tures are  usually  laid  at  the  rate  of  150  pounds  per  square  yard.  Present 
specifications  provide  for  a seal  coat  of  0.2  to  0.3  gallon  of  bituminous 
material  and  10  to  20  pounds  of  clean  coarse  sand.  Both  tars  and  asphalts 
are  employed  for  sealing  purposes. 

The  resultant  mixtures  obtained  by  either  the  road  or  plant-mixed 
method  spread  readily  and  compact  under  the  roller  satisfactorily.  They 
are  open-graded  and  unless  sealed,  exhibit  a tendency  to  become  hard 
and  abrade.  The  mixtures  are  adequately  stable  and  have  shown  no  tendency 
to  flush  or  become  slippery.  It  appears  that  there  is  a comparatively  wide 
range  of  bitumen  content  which  can  be  used  so  that  little  difficulty  is 
encountered  in  this  respect.  Less  control  is  required  by  the  laboratory 
than  if  a filler  material  and  slow-curing  oil  were  used.  A more  flexible 
mat  would  be  obtained  if  slow-curing  oil  were  used,  but  it  is  our  experience 
that  the  above  described  procedures  when  used  followed  by  a seal  coat 
at  the  proper  time,  do  result  in  the  obtaining  of  satisfactory  surfaces. 
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Review  and  Summary  of  Papers 
Prepared  On 

Construction  of  Bituminous  Surfaces 

By 

V.  B.  STEINBAUGH 
Deputy  Commissioner  - Chief  Engineer 
Michigan  State  Highway  Department 


Mr.  Chairman  and  gentlemen  of  the  conference,  at  the  outset  I would 
ike  to  confess  that  this  is  my  first  year  in  attendance  at  your  Montana 
Meetings,  and  although  I haven’t  been  here  before,  the  Michigan  State 
Highway  Department  has  been  represented  for  the  past  three  years, 
and  we  have  always  felt  that  we  have  been  very  well  repaid  and  are 
very  much  pleased  at  the  interest  that  is  shown  at  the  meetings  an 
in  this  bituminous  work. 

On  behalf  of  the  Michigan  delegation  1 should  like  to  congratulate 
Mr.  McKinnon  and  Mr.  Cheney  for  the  work  they  have  done,  anc  , r. 
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Boggs  of  the  Western  Petroleum  Refiners  Association,  and  also  the  Mb 
sissippi  Highway  Department  for  the  wonderful  arrangements  they  hav 
made  for  this  convention. 

Even  a casual  glance  at  the  preceding  3 volumes  of  the  Proceeding 
of  this  conference  reveals  a great  mass  of  information  on  both  the  theor; 
and  practice  of  bituminous  construction. 

Development  in  any  field  of  engineering  is  necessarily  slow,  both  h \ 
design  and  construction,  so  at  first  it  might  appear  that  unnecessary  repeti 
tion  may  result  from  annual  presentation  of  papers,  particularly  on  con 
struction.  This  conference  has,  however  evolved  the  rather  unique  plai 
of  committee  membership  from  widely  varying  geographical  sections  o 
the  country  where  climatic  conditions,  soils,  and  materials  and  types  o 
construction  may  thus  be  correspondingly  varied.  By  rotating  this  autho: 
membership  annually,  new  developments  and  summaries  of  constructioi 
activities  may  be  presented  yearly. 

With  the  thought  in  mind  that  attempts  by  the  authors  to  cove] 
all  types  of  bituminous  construction  may  result  in  duplication  of  material 
we  have  digressed  slightly  from  the  evident  plan  of  previous  committee^ 
and  have  allowed  considerable  latitude  in  the  selection,  by  the  com 
mittee  members,  of  the  material  to  be  presented  in  the  individual  papers 
You  will  note  that  while  some  of  the  papers  cover  construction  details  of 
several  types  of  mixtures,  others  are  concerned  primarily  with  detailec 
descriptions  of  types  with  which  the  author  has  been  most  concerned. 

The  types  of  construction  described  in  the  papers  submitted  by  this 
section  have  been  most  varied,  and  in  the  conference  which  follows  the 
report  of  the  committee  it  is  greatly  to  be  desired  that  discussion  will 
cover  not  only  the  subject  matter  of  the  papers  herein  abstracted,  but 
related  types  as  well. 

The  limited  time  available  has  prevented  a circulation  of  the  papers 
among  the  committee  members,  therefore  no  attempt  has  been  made  to 
present  the  views  and  attitude  of  the  members  as  a whole. 

Twelve  papers  have  been  submitted  to  this  section,  the  titles  and 
authors  being  as  follows : 

“Sand  Bituminous  Low  Cost  Road  Construction  in  Florida” 
by  John  R.  Slade,  Construction  Engineer,  State  Road  Department, 
Florida. 

“Bituminous  Surfaces  for  Airport  Runways”  by  W.  R.  Macatee, 
District  Engineer,  The  Asphalt  Institute,  Cincinnati,  Ohio. 

“Mississippi’s  Experience  with  Loss  in  Penetration”  by  0.  S. 
Covert,  Assistant  Construction  Engineer,  State  Highway  Depart- 
ment, Mississippi. 

“Record  of  Construction  of  Black  Base  Asphalt  Macadam, 
Penetration  Type”  by  Carl  R.  Reid,  Engineer  of  Materials,  Okla- 
homa State  Highway  Commission. 

“Present  Practice  in  Bituminous  Road  Construction  in  Ala- 
bama” by  Leon  Gottlieb,  Bituminous  Engineer,  State  Highway  De- 
partment, Alabama. 
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“Developments  in  Construction  of  Bituminous  Surfaces  in  Wis- 
consin” by  A.  T.  Bleck,  Construction  Engineer,  State  Highway  Com- 
mission, Wisconsin. 

“Liquid  Bituminous  Mix  Using  a Traveling  Plant”  by  H.  G. 
Groves,  Bituminous  Engineer,  Yale  Oil  Corporation,  Billings,  Mon- 
tana. 

“Plant  Mix  Bituminous  Surface  Construction  in  Nevada”  by 
Huston  D.  Mills,  Assistant  State  Highway  Engineer,  Nevada  State 
, Highway  Department. 

“Medium  Cost  Mixed  in  Place  Bituminous  Surfaces”  by  E.  N. 
Blackwood,  State  Construction  Engineer,  State  Road  Commission, 
West  Virginia. 

“Surface  Treatment”  by  J.  F.  Pierson,  Construction  Engineer, 
State  Highway  Commission,  Baton  Rouge,  Louisiana. 

“Stabilized  Gravel  Base  and  Bituminous  Surfacing  in  North 
Dakota”  by  H.  J.  Donovan,  Division  Engineer,  North  Dakota 
State  Highway  Department. 

“Gravel  Stabilization  with  Michigan  Slow-Curing  Oils”  by 
J.  D.  Brown,  Engineer  of  Bituminous  Research,  Michigan  State 
Highway  Department. 

FLORIDA 

We  are  pleased  to  have  the  latest  developments  in  sand  bituminous 
ow-cost  roads  in  Florida,  accounts  of  which  have  been  given  in  the 
>ast.  It  is  always  interesting  and  instructive  to  hear  from  all  attempts 
o use  aggregate,  which  while  they  may  not  conform  to  accepted  standards 
If  ideal  composition,  have  the  big  advantage  of  low  cost,  and  in  the 
present  example  are  already  on  the  road.  Such  types  of  roads  have  made 
possible  the  construction  of  many  hundreds  of  miles  of  excellent  surfaces 
Ivhere  the  cost  of  imported  materials  would  markedly  limit  the  con- 
traction. 

Present  construction  of  this  type  of  pavement  utilizes  road  ma- 
erial  of  sand,  or  its  mixtures  with  gravel,  stone  or  shell,  including  ad- 
mixtures of  other  material,  if  necessary,  to  correct  deficiencies  in  grading. 

Mr.  Slade  states  that  good  drainage  is  essential  to  the  success  of 
these  pavements,  and  particular  attention  is  given  to  the  bearing  value 
hf  the  subgrade,  which  should  be  a minimum  of  25  lb.  per  sq.  in.  The 
mthor  describes  the  test  in  detail. 

The  State  Road  Department  of  Florida  has  used  successfully  cut- 
pack  asphalt  of  a grade  similar  to  RC-1,  a coal  tar  base  containing  pitch 
oil  and  fluxed  with  water  gas  tar  or  its  distillate,  and  petroleum  tai 
having  some  of  the  characteristics  of  coal  tar. 

For  a sand-bituminous  road  mix  pavement  of  6-inch  thickness  the 
existing  road  material  is  plowed  to  a depth  of  10  inches,  dragged  with 
jspring  tooth  harrows  to  remove  roots  and  other  foreign  material,  and  if 
necessary  additional  aggregate  is  added  to  correct  deficiencies.  1 he  road 
is  then  bladed  to  a uniform  grade  and  cross-section. 
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The  amount  of  bituminous  material  is  determined  by  laboratory  i.jf 
v estimation  and  may  be  modified  by  visual  inspection  based  on  past  e: 
perience. 

Application  of  bituminous  material  is  at  the  rate  of  0.35  gal.  p< 
sq.  yd.  per  application,  each  one  of  which  is  followed  by  continuoi  - 
mixing  with  harrows.  After  2 gal.  per  sq.  yd.  has  been  applied,  tfc 
entire  width  of  pavement  is  plowed  to  obtain  uniform  depth  and  mixin 
with  harrows  is  continued.  The  material  is  then  windrowed  to  a dept 
of  3 in.  with  a 12-ft.  grader,  from  center  to  outside.  Application  of  bitum 
nous  material,  harrowing,  and  blading  is  continued  until  a homogeneor, 
mixture  is  obtained.  In  mixing  the  upper  3 in.,  harrows  are  used  and  durin 
the  last  three  or  four  applications  of  bituminous  material  the  retrea 
mixing  machine  is  used  continuously. 

After  mixing,  the  surface  is  bladed  to  the  desired  grade  and  cross 
section,  and  when  partially  set  up  it  is  then  rolled.  After  setting  severe 
days  more  the  pavement  is  given  a final  longitudinal  and  diagonal  rolling 

A seal  coat  is  not  usually  required  with  cut-back  asphalt,  but  wit] 
coal  tar  and  petroleum  tar  a seal  at  the  rate  of  0.2  to  0.35  gal.  per  sc 
yd.  is  applied  about  a month  after  mixing  operations  are  completed. 

It  is  reported  that  the  cost  of  this  type  pavement  has  averaged  6; 
cents  per  sq.  yd.,  using  an  average  of  5 gal.  of  bituminous  material. 

Investigations  have  been  made  relative  to  the  use  of  a mixture  o 
powdered  hard  asphalt  and  slow-curing  oil  and  in  the  future  will  be  use( 
as  an  alternate  to  the  three  other  materials.  It  is  also  planned  to  allov 
the  use  of  the  traveling  plant  as  an  alternate  to  road  mixing. 

MISSISSIPPI 

The  information  presented  by  Mr.  Covert  has  added  to  the  rapidly 
accumulating  data  on  the  characteristics  of  asphalt  recovered  from  pave 
ments. 

Although  as  Mr.  Covert  states,  Mississippi’s  experience  with  hot  mb 
has  in  the  past  been  limited,  it  is  indeed  gratifying  to  note  how  carefully 
the  project  under  discussion  has  been  observed  since  construction,  anc; 
the  correlation  of  cracking  with  subgrade  conditions. 

This  project  consisted  of  20  miles  of  4%  inch  pavement;  3 inches 
of  asphaltic  concrete  base  course  laid  over  8 inches  of  compacted  sand 
clay  gravel  base,  and  1%  inches  of  modified  Topeka  wearing  surface. 

Within  2 or  3 years  after  completion  there  was  excessive  cracking 
of  the  wearing  surface  over  sections  of  bad  soil,  with  no  apparent  de 
formation  in  cross-section. 

After  five  years  the  cracking  had  progressed  into  the  base  course, 
and  the  penetration  of  the  asphalt  had  dropped  from  an  original  of  45 
down  to  24  (Abson  recovery),  a loss  of  44%  in  this  period.  No  data 
was  given  on  the  penetration  of  the  asphalt  immediately  after  construc- 
tion. 

Mr.  Covert’s  conclusions  that  “part  of  this  cracking  is  due  to  the 
so-called  ‘drying  out  of  the  mix,’  rather  than  to  the  hardening  of  the 
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>phalt”  emphasizes  a fact  that  should  not  be  lost  sight  of  in  the  attempt 
> correlate  penetration  and  ductility  values  with  service  behavior.  The 
mount  of  asphalt  and  mineral  filler  present  in  a mixture  and  the  mineral 
radatiop,  and  the  density  of  traffic  to  which  it  is  subjected,  must  be 
irefully  considered  along  with  the  characteristics  of  the  bitumen. 

Michigan  has  a number  of  examples  of  pavements,  the  condition  of 
hich  can  be  explained  only  by  the  proper  interpretation  of  the  above 
ariables.  In  one  recent  instance  a badly  cracked  sheet  asphalt  pavement 
howed  penetration  and  ductility  values  on  the  recovered  asphalt  which 
ormally  indicates  a satisfactory  pavement.  Its  present  condition  can 
nly  be  explained  by  the  relatively  low  bitumen  and  high  filler  contents, 
t is  apparent  that  the  pavement,  although  of  high  stability,  possesses  insuf- 
icient  flexibility  (or  “ductility”  as  a mass)  to  withstand  the  tensile 
orces  set  up  in  contraction  or  the  slight  movements  due  to  the  unstable  sub- 
(rade  or  base  conditions. 

OKLAHOMA 

Mr.  Reid,  of  Oklahoma,  describes  the  construction  of  an  asphalt  mac- 
dam  base,  6 inches  compacted  thickness  and  24  feet  wide,  on  U.  S. 
lighway  277. 

The  soils  survey  showed  no  possibility  of  high-ground-water  and 
I lo  need  for  extra  thickness  of  base. 

Traffic  conditions,  requiring  a higher  type  base  course  than  soil- 
Dound  gravel  or  stone,  and  a nearby  location  of  commercial  limestone 
irompted  the  department  to  construct  a two  course  asphalt  macadam 
base,  which,  during  its  economical  life,  is  to  serve  as  wearing  surface. 
When  necessary  this  base  will  be  covered  by  a dense  graded  bituminous 
nixture. 

Due  to  the  lack  of  experience  with  this  type  of  construction  on  the 
part  of  the  engineers,  the  specifications  adopted  were  those  m general 
ase.  Soon  after  the  production  of  base  stone  was  begun  it  was  apparent 
that  far  too  little  stone  of  required  specification  grading  could  be  pro- 
ceed to  permit  the  continuous  operations  necessary  for  good  work,  or 
to  complete  the  project  in  the  normal  construction  season. 

It  was  finally  decided  to  construct  the  remainder  of  the  project  as 
a test  section  to  determine  whether  a somewhat  smaller  sized  aggregate 
would  allow  the  penetration  of  a sufficient  quantity  of  asphalt  to  insure 
complete  coverage  of  the  aggregate.  The  principal  changes  in  aggregate 
grading  were  the  increase  in  the  total  passing  the  lJ/*2  inch  square  screen 
from  5-25%  up  to  30-60%,  and  that  passing  the  % inch  from  0-5%  up  to 
0-15%. 

It  was  found  that  considerably  less  asphalt  was  required  with  the 

smaller  sized  aggregate,  and  soundings  made  later  showed  that  the  voids 

were  fairly  well  filled.  An  average  of  0.6  gallon  of  asphalt  per  square 

yard  per  inch  thickness  was  used.  It  is  of  interest  to  note  that  within 

days  the  original  penetrations  of  from  86  to  97  had  dropped  to  an  average 
of  59. 
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The  author  states  that  the  riding;  qualities  of  the  road  are  very  unsati 
factory  and  lists  the  following  possible  causes : 

1.  Insufficient  “keying”  of  the  base  rock. 

2.  Incomplete  rolling. 

3.  Too  great  or  uneven  application  of  key  rock. 

4.  Rolling  of  key  rock  before  asphalt  had  cooled  sufficiently. 

We  trust  that  other  engineers  thoroughly  familiar  with  this  type  o’ 
construction  may  have  some  suggestion  to  offer  during  the  discussion 
which  follow  this  session. 

ALABAMA 

Based  on  the  experience  gained  in  the  construction  of  over  l,00l 
miles  of  surfacing  over  a period  of  years,  Mr.  Gottlieb  reviews  presen 
practice  of  bituminous  construction  in  Alabama. 

The  author  stresses  the  importance  of  complete  soil  studies  preliminary 
to  construction  operations,  the  object  being  to  decide  the  proper  amoun 
and  type  of  materials  to  be  used  for  base  course.  Materials  are  selectee 
which  have  low  volume  changes,  sufficient  adhesion  and  stability  to  carry 
the  traffic  to  which  the  road  will  be  subjected. 

Over  plastic  soils,  a minimum  of  1 foot  of  sandy  loam  is  used  as  i 
subgrade  topping  before  placing  a base  course  of  sand-clay  8 inches  mini 
mum  thickness.  Over  friable  soil,  a 6-inch  gravel  base  has  proven  satis 
factory. 

Mr.  Gottlieb  mentions  the  economy  and  efficiency  which  has  resulted 
from  the  experience  gained  by  the  engineers  and  inspection  departmenl 
personnel  as  well  as  the  contractors.  A reduction  in  unit  costs  of  nearly 
40  per  cent  has  resulted. 

Base  course  construction  is  placed  in  two  layers,  mixing  and  shaping 
operations  being  carried  out  by  motor  patrols,  plows,  and  harrows. 

Bituminous  treatment  begins  with  the  application  of  prime  coat 
at  the  rate  of  0.3  gal.  per  sq.  yd.  This  year  the  bituminous  material 
for  hot  application  has  been  reduced  from  a minimum  of  0.4  gal.  to  0.351 
gal.  and  the  aggregate  reduced  from  % cu.  ft.  of  1 inch  to  % inch 
material  to  0.45  cu.  ft.  of  % inch  to  % inch  sizes.  The  use  of  the  smaller 
aggregate  has  resulted  in  a reduction  in  cost  of  1%  cents  per  sq.  yd. 
and  produces  a more  uniformly  satisfactory  surface.  Bituminous  material 
is  usually  150  to  200  penetration  asphalt  although  RT-12  is  sometimes  used. 

Present  practice  is  to  finish  the  surface  treatment  with  an  application 
of  35  lb.  per  sq.  yd.  of  cold  plant  mix  material.  This  provides  a very  uni- 
form and  densely  graded  wearing  surface.  The  plant  mix  seal  specifica- 
tions are  as  follows : 

Passing  % inch  sieve  100% 

Passing  % inch  sieve  85-100% 

Passing  No.  4 sieve  40-  90% 

Passing  No.  10  sieve  20-  65% 

Passing  No.  40  sieve  5-  35% 

Passing  No.  200  sieve  0-  10% 

Bitumen  and  liquefier  5-  8% 
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When  the  mixture  is  to  be  shipped,  an  asphalt  of  85-100  penetration 
plus  a liquefier  is  used  but  when  the  mixture  is  made  on  the  project 
1150-200  penetration  asphalt  is  used  without  a liquefier. 

WISCONSIN 

' ■ ' ■.■■v*  • ■ '•  ' 

Mr.  Bleck  traces  the  development  of  secondary  road  bituminous  sur- 
faces in  Wisconsin  starting  in  1937  when  all  untreated  gravel  and.  earth 
roads  were  given  applications  of  oil  to  dustproof  and  conserve  the  surface. 
-Pursuing  this  policy  all  new  construction,  including  detours,  on  which  the 
(use  of  gravel  or  crushed  stone  is  contemplated,  receive  a similar  treat- 
ment, further  mat  construction  being  deferred  at  least  a year.  During 
jthis  period  any  necessary  corrections  can  be  made  to  the  subgrade. 

In  the  majority  of  cases  new  mat  construction  is  road  mix  using 
SC  oil,  over  4 to  6 inches  of  stable  base,  although  some  plant  mix  has 
(been  used.  Mr.  Bleck  mentions  the  necessity  of  reducing  the  maximum 
size  of  aggregate  to  1 inch,  since  some  segregation  occurs  with  finishing 
machines.  The  thickness  of  the  mats  at  the  present  time  are  3 inches, 
placed  in  two  courses,  each  course  correcting  minor  irregularities  in 
the  course  or  base  below.  The  author  is  inclined  to  believe  that,  based 
on  the  results  obtained  with  the  lower  course,  a single  layer  from  2 to 
2%  inches  thick  is  sufficient. 

Mr.  Bleck  describes  in  detail  an  instrument  for  the  determination 
of  bitumen  based  on  the  principle  that  light  passing  through  a colored 
solution  loses  intensity  in  porportion  to  the  strength  of  the  solution.  To 
those  interested  in  a relatively  new  departure  in  methods  of  bitumen  de- 
termination a study  of  the  original  article  is  recommended. 

We  are  wondering  if  the  author  has  investigated  the  relative  color  in- 
tensities of  different  types  of  the  same  grades  of  oil,  such  as  some  straight 
I run  residual  oils,  gas  oil  cut-backs,  and  highly  cracked  oils.  It  is  possible 
| that  a definite  color  intensity  may  not  represent  the  same  bitumen 
percentage  for  the  various  oils. 

It  is  our  thought  that  perhaps  even  the  simplified  form  of  this 
apparatus  may  be  too  complicated  for  accurate  results  in  the  hands  of 
the  average  inspector.  Michigan  uses  the  rugged  hand  powered  Rotarex, 
j which  is  included  in  all  bituminous  inspectors  field  cases.  Oil  mixes  are 
quickly  analyzed,  although  for  road  mixes  a moisture  determination  on 
the  aggregate  just  before  mixing  with  oil  would  be  required. 

NORTH  DAKOTA 

Mr.  Groves  describes  an  interesting  construction  project  by  the  North 
(Dakota  State  Highway  Department,  the  unusual  feature  of  which  consisted 
of  a traveling  plant  mix  utilizing  a slow-curing  oil  of  much  higher  vis- 
cosity  than  is  customary  in  cold  mix  operations. 

The  bituminous  mat  was  constructed  over  a 4-inch  stabilized  gravel 
base  to  which  a prime  of  SC-2  oil  was  applied.  The  windrow  of  gravel 
and  filler,  manipulated  when  necessary  to  reduce  the  moisture  content 
below  the  required  minimum  of  2 per  cent,  was  then  ready  for  the 
traveling  plant. 
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Satisfactory  construction  with  the  viscous  oil  used  undoubtedly  de 
mauds  favorable  weather  conditions  since  the  author  observes  that  aggre 
gate  temperatures  were  as  high  as  108°  F.  and  after  oil  had  been  added) 
at  300°  F.  the  completed  mix  temperature  was  118°  F.  While  the  average 
temperature  was  no  doubt  much  lower,  still  the  mention  of  the  fact  that  i 
it  was  sometimes  impossible  to  continue  all  night  work  points  to  the  I 
conclusion  that  warm  weather  is  necessary  to  this  construction.  It  is  I 
interesting  to  note  that  motor  patrols  successfully  maintained  such  a 
mixture. 

Of  interest  to  note  is  base  construction  a full  5 feet  wider  than 
the  bituminous  mat.  This  provides  stable  shoulders  which  will  carry  the 
traffic  and  will  be  ideal  for  surface  or  other  treatment  should  the  demand  > 
require  further  widening  of  the  road. 

Another  departure  from  average  construction  practice  was  the  one 
foot  widening  on  the  inside  of  all  2 to  5 deg.  curves  and  increased 
thickening  to  2%  inches.  To  our  mind  this  is  good  practice  since  it  re- 
lieves maintenance  work  and  provides  a uniform  surface  so  often  un- 
sightly when  built  in  later  with  dissimilar  materials. 

Of  further  interest  was  the  immediate  application  of  a seal  coat 
when  the  normal  surface  would  undoubtedly  wear  for  a number  of  years. 
We  are  wondering  if  the  somewhat  non-uniform  appearance  of  the  average  ] 
seal  coat  does  not  detract  from  the  otherwise  uniform  oil  mix  surface,  ! 
although  it  is  possible  that  blading  so  stiff  a mix  may  produce  sufficient 
segregation  to  call  for  a seal. 

NEVADA 

Mr.  Mills,  in  discussing  bituminous  construction  in  Nevada,  enumerates  j| 
the  changes  made  since  1932  in  crushed  stone  plant  mixes  using  both 
slow-curing  and  medium  curing  asphaltic  oils.  No  definite  preference 
has  been  indicated  as  to  the  bituminous  materials. 

Among  the  improvements  noted  have  been  the  separation  of  aggregate  ;i 
into  three  instead  of  two  sizes  in  bins,  presumably  to  decrease  segrega- 
tion and  insure  uniformly  graded  mixtures.  The  aggregate  passing  the 
No.  10  sieve  has  been  reduced  from  an  allowable  maximum  of  60  per 
cent  to  45  per  cent,  which  should  increase  the  non-skid  properties. 

We  are  particularly  interested  in  Mr.  Mill’s  comments  on  the  relative 
merits  of  the  riding  qualities  of  surfaces  produced  by  mechanical  spread- 
ing and  finishing  machines  and  blades  and  his  expressed  preference  for 
the  latter.  Our  experience  in  Michigan  with  oil-aggregate  has  shown  that 
black-top  pavers  (as  distinguished  from  finishing  machines  riding  on  side 
forms)  produce  satisfactory  riding  surfaces,  especially  when  laid  in  two 
layers.  This  may  be  attributed  partly  to  the  use  of  the  relatively  fluid 
SC-6  oil  (proposed  A.A.S.H.O.  specifications)  and  partly  to  the  fact  that 
an  appreciable  percentage  of  the  aggregate  is  uncrushed,  the  two  condi- 
tions resulting  in  a most  workable  condition  until  full  compaction  is 
attained. 

Nevada’s  crushed  stone  mix  probably  most  parallels  our  bituminous 
concrete  mixes  as  concerns  workability  and  for  this  work,  as  well  as 
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sheet  asphalt  construction,  we  insist  on  the  use  of  finishers  on  forms 
true  to  grade.  It  is  further  stipulated  that  plant  production  synchronize 
with  finisher  speed  to  reduce  interruptions  to  a minimum.  While  it  is 
true  that  blades  will  do  an  excellent  job  on  materials  similar  to  our  oil 
aggregate,  we  aim  for  the  lower  costs  obtained  with  large  plant  output, 

NORTH  DAKOTA 

Mr.  Donovan  gives  a history  of  the  construction  of  a stabilized  gravel 
base  and  bituminous  surfacing  on  a North  Dakota  project. 

Specifications  for  the  mixture  of  gravel  and  soil  binder  required  a 
P.  I.  on  the  fraction  passing  a No.  40  sieve  between  8 and  15,  with  the 
sum  of  material  passing  the  No.  40  sieve  and  the  P.  I.  not  exceeding  50, 
and  with  the  further  requirement  that  the  liquid  limit  of  the  same  frac- 
tion not  exceed  1.6  times  the  P.  I.  plus  14. 

The  grading  of  the  combined  material  conformed  to  the  following 


requirements : 

Passing  1 inch  square  sieve  100% 

Passing  % inch  square  sieve  85-100% 

Passing  % inch  square  sieve  65-100% 

Passing  No.  4 sieve  . 55-  85% 

Passing  No.  10  sieve  40-  65% 

Passing  No.  40  sieve  25-  50% 


The  combined  aggregates  were  hauled  to  the  road  in  two  equal 
.courses  at  the  rate  of  1275  cu.  yd.  per  mile.  The  first,  laid  late  in  the 
fall  of  1937,  required  reworking  in  the  spring  of  1938  when  work  was 
resumed.  The  second  course  was  bladed  back  and  forth  to  insure  proper 
dispersion  of  the  clay,  since  the  traveling  plant  alone  did  not  accomplish 
this  end.  The  plant,  however,  did  an  excellent  job  of  mixing  with  water. 
After  laying  to  section,  more  water  was  added  and  compaction  was  ob- 
tained with  pneumatic  rollers. 

Base  construction  was  completed'  with  0.5  gal.  per  sq.  yd.  applica- 
tion of  SC-2  as  a tack  coat. 

Ihe  author  expressed  the  opinion  that  a stabilized  gravel  job  should 
be  open  to  traffic  during  construction,  which  is  in  accord  with  experience 
in  Michigan. 

Bituminous  Surfacing 

The  combined  pit  run  aggregate  and  natural  soil  filler  specification 
requirements  for  the  bituminous  surface  were  as  follows : 


Passing  % inch  square  sieve  100% 

Passing  *4  inch  sieve  50-  75% 

Passing  No.  10  sieve  35-  65% 

Passing  No.  200  sieve  5-  14% 


The  gravel  was  dumped  into  spreader  boxes  to  give  a windrow  8 
feet  wide  and  6 inches  thick.  The  percentage  of  200-mesh  material  varied 
between  5 and  7.5%,  and  the  amount  retained  on  the  % inch  screen  was 
between  25%  and  33%.  Before  mixing  with  bitumen  the  aggregate  was 
bladed  to  reduce  the  moisture  content  to  a maximum  of  2 per  cent.  It 


—357— 


was  found  that  this  operation  nullified  the  purpose  of  the  tack  coat  bj 
depositing  a film  of  the  fines  over  the  entire  base.  An  additional  prime  i 
application  was  found  necessary. 

Considerable  difficulty  was  experienced,  especially  so  at  the  start  . 
in  mixing  the  SC-7  oil  which  is  much  more  viscous  than  is  usual  for  cold  ] 
mixes.  There  was  an  unusually  large  amount  of  uncoated  particles  which  j 
raveled  out  and  were  thrown  out  to  the  shoulders  by  traffic.  It  was 
almost  impossible  to  remove  traffic  ruts  made  after  the  initial  compression, 
The  general  conclusion  seems  to  be  that  SC-7  oil  is  too  viscous  for  satis- 1 
factory  workmanship  in  cold  mixing. 

The  surface  was  completed  with  a double  seal  consisting  of  0.15  gal.  i 
per  sq.  yd.  of  RC-2  covered  with  coarse  sand  at  the  rate  of  60  tons  i 
per  mile,  followed  by  a second  application  of  RC-2  at  0.30  gal.  per  sq.  , 
yd.  covered  with  sand  at  the  rate  of  126  tons  per  mile. 

MICHIGAN 

The  paper  by  J.  D.  Brown,  of  the  Michigan  State  Highway  Depart- 
ment, presents  some  interesting  results  of  a preliminary  investigation  : 
of  gravel  base  stabilization  with  slow-curing  residual  oils.  The  study  was 
aimed  particularly  at  determining  the  source  and  extent  of  any  detrimental 
effects  of  excessive  quantities  of  moisture  in  the  aggregate  at  the  time  of 
mixing  and  placing  in  the  road.  The  absorption  characteristics  of  the 
mixture  were  used  as  a measure  of  its  performance  on  the  assumption 
that  the  capillary  properties  were  the  major  sources  of  deterioration  ini: 
such  mixtures  under  practical  conditions. 

The  results  of  this  investigation  should  be  viewed  against  the  back-  ;< 
ground  of  general  experience  with  moisture  in  bituminous  mixtures  which  j; 
until  quite  recently  has  regarded  moisture  in  any  more  than  negligible  j: 
quantities  as  definitely  detrimental.  The  statement  has  been  made  after  j 
comprehensive  surveys  that  bituminous  mixtures  in  which  aggregate  con- 
tained more  than  1%  or  2 per  cent  moisture  at  the  time  of  placement  j 
resulted  in  unsatisfactory  service  behavior.  On  the  other  hand,  more  re-j 
cent  developments  in  soil  stabilization  with  low  percentages  of  bituminous  j 
materials  had  indicated  that  a certain  amount  of  moisture  is  essential  i 
to  the  uniform  distribution  of  bitumen  throughout  the  mass  as  a neces- 
sary aid  in  mixing  and  placing. 

Mr.  Brown’s  paper  may  serve  to  clarify  these  apparently  contradictory  | 
observations  and  appear  to  suggest  the  specific  function  of  moisture  in 
mixing  and  the  necessary  procedure  to  accomplish  this  function  and  avoid  | 
its  detrimental  effect.  Briefly  stated,  the  laboratory  tests  appear  to  demon- 
strate  that  a certain  amount  of  moisture  followed  by  a drying  period  ; 
before  placing  the  mixture  in  the  road  is  required  to  accomplish  an  ef- 
fective distribution  of  bitumen  and  eliminates  the  detrimental  features. 
The  moisture  serves  as  a distributing  agent  for  the  bitumen  and  the  , 
drying  period  brings  into  play  capillary  movement  which  is  essential  to  ; 
depositing  the  bitumen  where  it  will  seal  the  mixture.  Even  with  ex- 
cessive moisture  the  drying  period  apparently  eliminates  bad  results.  To 
what  extent  the  drying  period  may  be  postponed  until  the  mixture  is 
placed  seems  to  depend  on  the  viscosity  of  the  residual  oil  and  whether 
or  not  the  road  is  subjected  to  traffic  immediately. 
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It  should  be  pointed  out  that  the  investigation  deals  only  with 
oehavior  of  the  mixtures  during  and  immediately  after  construction.  Within 
liese  comparatively  short  periods  of  time  the  mixtures  showed  very  favor- 
ible  resistance  to  absorption.  Whether  or  not  displacement  of  the  bitumen 
pr  stripping  by  water  may  still  occur  over  longer  periods  of  time  is  an- 
other problem  and  in  any  event  is  shown  to  be  independent  of  the  initial 
moisture  content  of  the  mixture. 


Mr.  Macatee  reviews  present  practices  and  trends  in  airport  surfaces. 
Of  particular  interest  to  the  highway  engineer  is  the  movement  on  foot 
p develop  more  o,r  less  emergency  landing  fields,  designated  as  “ Flight 
Strips,”  adjacent  to,  and  a part  of  the  highway  right  of  way,  which  auto- 
matically becomes  the  responsibility  of  the  various  highway  departments. 

The  most  pronounced  trend  in  airport  surfaces  seems  to  be  toward 
lighter  and  less  expensive  surfaces.  Crushed  stone  bases  are  increasingly 
replacing  the  more  expensive  rigid  bases. 

Rational  design  based  on  the  bearing  capacity  of  the  soil  is  replacing 
rule-of-thumb  methods  and  in  many  cases  results  in  considerable  economy. 
Soil  stabilization  utilizing  existing  soil,  with  admixtures  when  necessary 
tor  increased  mechanical  stability,  not  only  furnishes  the  necessary  water 
repellent  qualities  but  greatly  increases  the  stability  of  the  base.  Not 
lay  soils,  but  sand  and  gravel  mixtures  are  being  stabilized  with 


and  rapid-curing  asphaltic  oils,  and  asphaltic  emulsions. 

Sub-bases  are  being  constructed  of  penetration  macadam  and  as- 
phaltic concrete  with  thin  rich  carpet  coats  of  soft  asphalts. 

There  is  a pronounced  trend  towards  the  use  of  asphalt  mixtures  for 
producing  cut-off  or  side  walls  at  the  sides  and  ends  of  run-ways  to  pre- 
vent water  from  adjacent,  unpaved  areas  from  finding  its  way  horizontally 
under  the  run-way  surface  structure.  Coarse  stone,  in  one  airport  con- 
struction, was  lightly  coated  with  bitumen  for  the  necessary  binding 
qualities.  This  allowed  the  complete  filtration  of  surface  water  to  clay 
tile  drains  below. 

In  addition  to  the  conventional  type  of  run-ways  are  the  landing 
mats  to  which  the  run-ways  are  appendages.  These  mats  are  especially 
valuable  in  the  fast  developing  blind  landing  which  aviation  is  perfecting. 
The  Cleveland  airport,  one  of  the  prominent  American  airports,  utilized  a 5" 
slag  base  with  an  intermediate  2"  course  of  penetration  macadam  covered 
jwith  1%"  of  cold-laid  plant  mix  asphaltic  concrete. 

Mr.  Macatee  summarizes  the  most  pronounced  trends  in  the  construc- 
tion of  airport  surfaces  as  follows : 

1.  Toward  lighter,  less  expensive  forms  of  surfacing. 

2.  Toward  utilizing  local  materials  more  extensively. 

3.  Toward  more  extensive  use  of  flexible  forms  of  surfaces  and  bases 
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4.  Toward  thicker  films  of  asphalt  surrounding  aggregate  particles  I 

5.  Toward  the  use  of  softer  asphalts. 

6.  Toward  greater  use  of  liquid  asphalts  such  as  MC  and  RC  groups  ! 

7.  Toward  more  extensive  use  of  asphalt  stabilization  of  bases. 

8.  Toward  constructing  cut-off  walls  of  asphalt  mixtures  at  ends  and 
sides  of  runways. 

9.  Toward  having  at  hand  fully  developed  and  quickly  available1 
plans  for  future  extensions  of  runways  and  other  airport  facilities.! 


—360— 


361 


CONFERENCE  BOARD — CONSTRUCTION 

(Left  to  Right):  J R.  Phillips,  C.  H.  Bryson,  Thos.  C.  Davis,  V.  B.  Steinbaugh,  J.  G.  Schaub,  G.  S.  Covert,  Jr.,  Leon  Gottlieb, 

Y.  G.  Gould,  H.  D.  Mills. 


Conference  on  Construction  of  Bituminous  Surfaces 
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State  Highway  Department 
Montgomery,  Alabama 
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State  Highway  Department 
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THOMAS  C.  DAVIS,  Bituminous  Paving  Engineer 
State  Highway  Department 
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V.  G.  GOULD,  Asst.  Bituminous  Engineer 
State  Highway  Commission 
Ames,  Iowa 


Mr.  Steinbaugh:  Is  there  anyone  here  who  would  like  to  start  the  disi 
cussion  on  any  part  of  this  subject? 

V.  G.  Gould:  Is  it  in  order  for  me  to  start  the  discussion  with  f I 

Iowa  question  ? 

There  is  one  subject  which  is  covered  in  these  paper 
which  I am  sure  is  of  general  interest  to  all  highwayl 
departments,  and  I have  hastily  jotted  down  thren 
questions  with  comments  as  affecting  conditions  in  om, 
own  state  intended  to  be  of  an  explanatory  nature.  _ 
present  these  three  questions  which  the  chairman  may) 
either  eliminate  or  ask,  as  he  sees  fit  according  to  th(j 
amount  of  time  available. 

The  first  is  with  regard  to  compaction  of  stabilized! 
bases.  In  Iowa  we  use  a 5"  thickness  for  the  soil-aggrej 
gate,  bituminous  or  rolled  stone  type,  with  densities! 
specified  as  100%  Proctor  in  all  cases.  We  feel  that  if 
100%  Proctoir  densities  are  not  used  thicker  bases  would  I 
be  necessary  and  base  edge  failures  would  be  common 
The  method  of  compaction  is  not  specified.  The  question 
then,  is  “Do  other  states  specify  densities,  and  if  so,  what 
densities  are  specified?” 

The  second  question  has  to  do  with  bituminous  stab-! 
ilizers.  Last  year,  in  our  state,  we  used  an  SC-1  stabilizer 
for  soil  aggregate  base  construction.  This  year  the  base 
is  failing  generally  due  to  rutting,  corrugating  and 
cracking.  Investigation  indicates  that  the  SC-1  is  being 
replaced  with  water,  causing  the  unstable  condition.  Ques- 
tion: “Has  any  other  state  found  SC’s  of  like  viscosity' 
to  be  readily  displaced  by  water,  and  has  there  been 
any  conclusive  evidence  to  show  that  positive  SC’s  are! 
less  readily  displaced  than  negative  SC’s?” 

The  third  question  is  in  regard  to  mixing  methods. 
This  year,  in  our  state,  we  require  batch  plant  mixers 
for  soil-aggregate  type  bases.  Question:  Do  other  states 
use  plant  mixes  and  do  they  consider  plant  mixes  versus 
road  mixes  are  justified? 

Thank  you,  Mr.  Gould.  I think  this  subject  of  compaction 
of  sub-grades  is  a very  good  one.  I would  like  to  ask 
if  anybody  here  representing  any  other  state  highway 
department  has  a factor  of  compaction  by  which  you 
measure  the  amount  of  compaction  in  your  subgrade,  or 
do  you  just  hope  that  you  get  it  completely  compacted?  Is 
there  anyone  actually  measuring  that,  except  Iowa? 

In  our  work  we  make  our  preliminary  soil  surveys  and 
then,  during  actual  construction,  we  make  check  tests  in 
the  field,  and  the  same  material  that  is  taken  in  the 
field  is  sent  to  the  laboratory  again  for  recheck  on  the 
standard  method  of  compaction  to  find  out  whether  or 
not  the  actual  work  is  being  done  in  such  a way  as  to 
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get  the  compaction  that  we  want.  Of  course  we  are  shoot- 
ing for  100%,  but  we  don’t  think  that  it  is  advisable 
to  carry  moisture  contents  up  as  high  as  15  and  20% 
in  order  to  get  just  another  pound  or  two  of  density. 
In  other  words,  we  might  have  90%  or  95%  with  8% 
of  moisture  in  the  field,  yet  our  curve  is  so  flat  that  we 
would  have  to  increase  the  moisture  content  too  much 
for  any  appreciable  increase  in  density. 

Do  you  construct  your  bases  under  traffic,  in  general? 

I am  speaking  of  subgrades.  That  was  the  question,  wasn’t 
it? 

I understood  it  was  bases  for  bituminous  surfacing,  not  en- 
tirely subgrades. 

All  of  our  base  courses  are  watered  and  thoroughly 
rolled  and  mixed  with  soil  binders  if  necessary.  In  order 
to  determine  whether  or  not  we  need  soil  binders  in 
order  to  set  up  our  base  courses,  we  use  cementing 
value  tests  on  the  -10  material.  Where  the  base  course 
is  to  be  immediately  followed  with  bituminous  mats  we 
hold  that  cementing  value  to  a minimum. 

Do  you  have  any  way  of  telling  when  your  base  course, 
for  instance,  is  compacted  to  the  point  of  where  you 
can  consider  it  is  ready  for  your  bituminous  surface? 

Not  on  the  bases,  no. 


Thank  you,  Mr.  Russell.  Has  anyone  else  anything  to  say 
on  this  subject?  Do  any  of  these  soils  experts  around 
here  have  anything  to  say  on  that?  It  seems  to  me  that 
where  bases  are  to  be  followed  immediately  by  a bitumi- 
nous surface,  some  method  of  determining  the  compac- 
tion is  quite  a reasonable  thing  to  do,  particularly,  as 
has  been  pointed  out,  for  compaction  of  the  edges,  where 
if  the  compaction  is  not  complete,  failure  will  result 
at  some  later  date.  But  I know  that  in  our  case  we  try 
to  arrive  at  that,  by  building  the  bases  a year  or  so 
ahead  of  the  time  we  are  going  to  put  the  bituminous 
surface  on,  and  let  nature  do  it.  Where  it  is  to  be 
followed  immediately  by  a bituminous  surface,  I imagine 
that  some  form  of  testing  or  some  way  of  reassuring  your- 
self would  be  a desirable  thing. 

We  make  density  determinations  of  our  stabilized  gravel 
and  we  have  found  some  variation  in  that.  We  have  given 
some  consideration  to  including  in  our  specifications  a 
density  requirement,  but  one  point  in  that  connection 
that  concerns  us  is  that  because  of  variations  in  the  spe- 
cific gravity  of  our  aggregate  materials  we  wonder  whether 
that  density  should  not  be  specified  on  the  basis  of  void 
content  rather  than  of  pounds  per  square  yard  of  depth. 
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Our  specification  is  based  on  the  determination  with  th 
actual  materials  you  are  going  to  use,  under  Procto 
density,  not  necessarily  in  terms  of  so  many  pound 
per  cubic  foot. 


You  take  the  quality  of  the  material  into  consideration 


Yes.  There  is  a question  in  that  connection  that  I wan 
to  ask,  in  regard  to  your  traffic  bound  bases.  Have  yo 
made  any  determination  of  the  density  you  get  b; 
that  method? 

In  Michigan  we  don’t  make  any  determination  of  density 
Our  problem  is  probably  a little  bit  different  from  mos! 
states.  We  have  quite  a little  tourist  traffic  in  Michiga:| 
and  have  to  build  most  of  our  roads  under  traffic  I 
Consequently,  we  keep  the  moisture  content  of  soil  ag 
gregate  mixtures  slightly  low,  in  order  to  provide  free 
dom  to  travel  over  it  as  we  lay  it. 

As  Mr.  Steinbaugh  says,  we  depend  on  roller  comj 
paction  and  let  the  bases  lie  a year  to  let  further  traffi  ] 
and  frost  action  do  what  they  will  toward  packing. 

Professor  Housel,  have  you  any  comment  to  make  on  this! 

I might  amplify  it  just  a little.  We  have  used  the  ful| 
Proctor  control  on  several  experimental  projects  an«| 
since  that  time,  where  the  bases  are  traffic  bound,  w! 
have  spot  checked  different  projects  for  density,  an< 
find  that  we  are  getting  densities  in  well  controlled 
gradations,  which  compare  very  favorably  with  the  Procto  j 
densities  we  had  on  the  experimental  projects.  However 
it  isn’t  a routine  part  of  every  one  of  the  projects  t- 
run  the  Proctor  test. 


Does  anyone  else  have  any  comment? 


The  next  question  that  was  asked  is,  “Has  any  othe 
state  found  SC  oils  of  light  viscosity  to  be  readily  displace'! 
by  water,  and  is  there  any  conclusive  evidence  to  shov 
that  positive  spot  SC’s  are  less  subject  to  displacemen 
than  negative  spot  SC’s?”  That  is  a subject  that  should 
start  an  argument.  How  about  the  first  part  of  it,  th 
question  is,  “Have  you  had  any  trouble  with  your  slow 
curing  oils,  particularly  the  light  oils,  SC-1  and  SC-2,  tha 
later  were  displaced  by  water,  causing  failure  in  tha 
way? 


Has  anyone  had  any  experience  with  them  being  satis, 
factory,  where  they  have  not  been  giving  any  trouble? 

We  have  had  both  results  with  a little  heavier  SC.  B; 
that  I mean,  where  we  had  gravel  as  the  major  phas 
we  had  trouble  with  elimination,  but  where  we  use' 
mixtures  of  soils  and  granular  material,  using  an  SC-  j 
or  an  SC-3,  we  have  not  noticed  that  effect. 
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I believe  in  our  case  we  have  found  that  the  addition 
of  a small  amount  of  limestone  dust  has  quite  appreciably 
helped  that  situation,  even  though  there  were  sufficient 
fines  in  the  mixture,  normally,  of  sand  or  other  materials. 
A small  amount  of  limestone  dust  seemed  to  have  quite 
a beneficial  effect. 

Have  you  any  comment  on  that,  Mr.  Schaub? 

That  is  particularly  true  in  our  oil  aggregate  mixtures, 
in  which  we  use  a slightly  heavier  viscosity  oil. 

Due  to  the  variable  properties  of  our  aggregates  in 
Michigan,  we  submit  all  the  fines,  or  the  finer  portions  of 
the  aggregate,  to  the  water-asphalt  perferential  test.  We 
find  our  silica  aggregates  tend  to  strip  and  show  a 
preference  for  water  instead  of  asphalt,  so,  as  Mr.  Stein- 
baugh  says,  by  adding  limestone  dust,  or  marl  or  beet 
sugar  lime,  or  calcareous  material  of  that  kind,  we 
sort  of  give  it  a property  in  the  reverse,  so  that  it  has  a 
preference  for  the  oil  rather  than  the  water. 

Referring  to  Mr.  Brown’s  paper,  we  conducted  the 
experiment,  using  slow-curing  oil  of  light  viscosity  to 
make  the  mixture  water  repellent  in  base  work.  It  was 
undertaken  for  two  reasons ; one,  to  reduce  capillarity 
and  keep  subgrade  moisture  from  our  bituminous  sur- 
faces, and  also  to  find  an  outlet  for  the  producers  of 
Michigan  oils.  They  don’t  produce  asphalts  but  do  produce 
slow-curing  oils  and  road  oils ; so  we  tried  out  this 
slow-curing  oil  for  making  the  mixture  water  repellant. 
It  is  a little  too  early  to  tell  whether  wTe  are  going  to  have 
any  stripping  action,  but  we  are  rather  hopeful  it  will  not 
be  serious.  We  are  interested  in  the  experience  other 
states  have  had. 

Mr.  Reagel,  have  you  anything  to  say  in  regard  to  the 
last  part  of  this  question,  in  regard  to  whether  positive 
or  negative  spot  oils  show  any  difference  in  the  results? 

I might  say  the  oils  I just  mentioned  were  all  positive 
spot  materials.  We  have  had  little  experience,  if  any, 
with  a negative  spot  SC  material.  It  so  happens  that  the 
material  marketed  there  most  economically  is  the  cracked 
material,  and  I believe  there  is  some  evidence  available, 
however,  in  laboratory  tests,  and  perhaps  Dr.  Winter- 
korn  could  give  it  to  you  better  than  I could,  but  there 
seems  to  be  an  indication  that  the  cracked  materials 
do  give  better  results  than  the  uncracked.  That  is  de- 
termined by  absorption  and  slacking  tests  on  specimens 
in  the  laboratory. 
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Is  there  any  further  comment  on  the  question  of  using 
cracked  or  uncracked  oils  for  either  primes  or  in  mixtures, 
and  the  relative  displacement  by  water? 

I may  say  something  about  the  experiment  to  which  Mr.. 
Reagel  referred.  I referred  to  it  this  morning.  I just 
want  to  say  that  mixtures  of  SC  oils  with  different  soils 
were  studied,  and  we  had  some  SC  oils  which  were  non- 
cracked,  some  which  were  cracked,  and  one  sample  from 
California;  we  find  that  the  California  oil  is  in  between 
with  its  adhesive  properties.  So  on  one  hand  you  have 
the  Mexican  type,  on  the  other  hand  the  cracked  type, 
and  the  intermediate  is  the  California  oil. 

Is  there  any  other  comment  on  that  subject? 

I just  want  to  make  one  remark.  When  they  used  an 
SC-1  oil  they  cut  down  the  effective  asphalt  content, 
giving  the  effect  of  a lean  mix,  and  speeded  up  the 
oxidation.  We  have  noted  this  several  times.  If  you 
hold  the  bituminous  content  of  a mixture  to  the  prescribed! 
minimum,  then  use  an  SC-1  oil,  (you  are  really  cutting 
down  the  asphalt  content),  it  might  account  for  the; 
trouble  noted  in  that  case. 

There  is  just  one  comment  I might  add  with  regard  to 
what  Mr.  Reagel  said  about  the  addition  of  aggregates. 
In  this  particular  case  the  surfacing  material  on  the 
road  was  incorporated  with  the  soil  so  that  we  estimated 
(not  accurately)  that  there  was  about  70%  aggregate 
and  30%  soil  of  that  mix. 

The  third  question:  “Do  other  states  use  plant  mixes 
and  do  they  consider  that  plant  mixes  versus  road 
mixes  are  justified?”  Perhaps  we  should  clarify  that 
question  a little  bit.  Are  we  talking  now,  about  batch 
plant  mix,  and  for  hot  or  cold  bituminous  mixtures, 

Just  for  soil  aggregate  stabilization. 

What  is  the  experience  in  regard  to  that?  Is  every  state! 
doing  its  soil  stabilization  by  mixed  in  place  methods, 
or  is  anyone  using  plant  mix?  That  is  for  soil  aggregate 
mixture. 

Most  of  our  work  has  been  road  mixing,  but  this  last 
season  we  have  had  a number  of  projects  in  which  we 
used  a traveling  plant,  and  one  project  this  year  in  which 
we  used  a central  plant,  although  in  each  case  they  were 
continuous  mixers.  We  are  inclined  to  believe  that  the 
use  of  either  a traveling  plant  or  a stationary  plant  is 
preferable  to  road  mixing.  Particularly  is  that  true  'where 
you  are  using  heavy  clay  binders. 

We  are  also  inclined  to  believe  that  if  it  were  pos 
sible  to  use  a lighter  clay  binder  rather  than  a heavier 
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clay  binder,  that  is  preferable  because  of  the  inability 
in  some  cases  where  we  have  considerable  moisture  by 
rainfall,  to  pulverize  or  break  down  the  heavy  clay  binder. 
Even  in  the  plant  on  the  one  job  where  we  used  the 
stationary  state-owned  plant  we  found  that  the  clay 
binder  was  not  as  finely  pulverized  as  it  might  have 
been,  and  that  has  given  us  some  trouble,  such  as  con- 
centration of  moisture  and  instability  of  our  stabilized 
gravel  mix,  which  in  some  cases  was  quite  serious  be- 
cause of  inability  to  break  down  that  heavy  binder. 

Mr.  Steinbaugh:  Thank  you. 

I might  add  that  Michigan  a year  ago  started  using 
plant  stabilized  gravel  entirely  for  both  maintenance  and 
construction  of  bases.  We  have  been  doing  it  only  a 
year ; there  is  no  doubt  but  that  it  costs  considerably 
more  to  start  with,  because  of  the  investment  in  plants 
that  is  being  charged  off,  but  in  certain  parts  of  our 
construction  we  wmuld  not  consider  going  back  to  the 
old  system.  Where  we  are  applying  a resurfacing,  of 
two  or  three  inches  of  gravel  over  an  old  gravel  road, 
particularly  where  it  is  under  traffic  more  or  less  of  the 
time  the  plant  stabilized  gravel  is  far  more  satisfactory 
than  the  old  system  of  trying  to  stabilize  it  on  the  road. 
It  is  also,  of  course,  much  more  uniform,  and  we  get 
away  from  the  discomfort  to  the  traveling  public  in 
trying  to  stabilize  it  and  having  that  soupy  mess  on  the 
road.  Also,  I find  that  the  gravel  which  is  pre-stabilized 
with  the  proper  amounts  of  clay  and  chloride,  and  then 
laid  on  the  road,  doesn’t  tend  to  get  as  slippery  under 
wet  weather  conditions  as  the  road  that  is  stabilized 
by  mixed-in-place  methods,  evidently  for  the  reason  that 
the  clay  is  better  distributed  and  the  control  is  much 

better. 

Whether  we  are  going  to  continue  this  entirely  for 
all  of  our  new  base  construction  we  haven’t  yet  made 
up  our  minds.  The  prices  of  stabilized  gravel  are  gradu- 
ally dropping  as  the  contractors  find  out  just  what  is 
involved  in  the  manufacture  of  the  material.  We  are 

laying  our  bases  in  layers  of  stabilized  material.  Where 
we  place  a bituminous  surface  in  the  same  year,  I think 
it  is  quite  desirable  that  we  use  plant  stabilized  gravel. 
Whether  it  is  desirable  in  all  cases  is  going  to  be  a 

question  of  economics,  but  without  a doubt  we  will  not 

return  to  the  entire  use  of  non-stabilized  material  for 
all  purposes.  At  least  fifty  per  cent  of  our  gravel  will 
be  stabilized. 

Is  there  anyone  else  who  has  had  experience  on  that 
use  of  plant  stabilized  gravels?  How  about  Indiana?  Is 
Indiana  represented  here? 
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I don’t  know  whether  our  materials  engineer  is  in  thi;| 
meeting  or  not.  I think  he  can  give  a better  explanation 
of  that  than  I can.  We  have  had  some  experience  in  aii 
effort  to  stabilize  both  mixed  on  the  road  and  plan J 
mix.  We  have  used  both  gravel  and  stone.  I am  no  | 
so  familiar  with  all  the  details  of  this  process  becausH 
I have  just  recently  come  into  the  Construction  Divi 
sion,  having  formerly  been  with  the  maintenance  work. 

We  finished  a .stone  stabilization  project  this  sum 
mer  where  material  was  made  from  a plant  mix  anc 
laid  using  forms,  and  it  just  looked  awfully  good  an 
work  was  finished.  We  haven’t  had  it  through  the  wintei 
and  I don’t  know  what  will  be  the  result  of  this  tesl  | 
after  the  elements  have  had  a chance  to  work  on  it.  Ill 
was  found  in  this  case  by  the  contractor  that  he  coulc 
lay  plant  mix  stabilized  material  using  forms  and  finish- 
ing machine  (optimum  moisture  content  being  permitted)) 
cheaper  than  if  he  had  tried  to  lay  it  without  the  use  of 
forms  and  shape  it  up  with  blade  and  otherwise  later. 
We  got  a very  nice  looking  job  when  it  was  completed.! 

Thank  you. 

Is  there  anyone  else  who  has  had  stabilized  gravel 
for  either  maintenance  or  construction  purposes? 

I would  be  interested  to  know  what  type  of  equipment 
you  are  using  in  Michigan  to  secure  your  mixes.  I 
might  say  that  in  Iowa  the  contractors  are  using  the! 
old  27- E concrete  mixers,  and  a few  of  the  twin  pug  mill 
type. 

We  are  using  pug  mill  entirely  for  the  mixture  of  our( 
aggregates,  usually  a Pioneer  or  some  similar  type  i 
of  plant,  with  clay  feeder  and  shredder  and  a device  for 
chloride  being  added  at  the  same  time. 

Another  point  that  hasn ’t  been  brought  out,  we  have  I 
had  under  certain  conditions,  particularly  in  resurfac- 
ing, some  very  good  results  in  the  use  of  some  type  of 
a black  top  paver  for  the  laying  of  2"  or  3"  courses,  j 
We  used  two  or  three  types  of  machines  of  that  kind 
and  got  very  good  results  from  them,  although  not 
in  the  heavier  thicknesses  such  as  six  or  eight  inches. 

Does  anyone  else  have  any  comment? 

May  I go  back  to  your  second  question  a moment?  A 
gentleman  asked  about  stripping.  In  connection  with 
certain  work  that  we  have  done  on  swell  test,  which 
is  an  indication  of  stripping,  we  find  that  those  oils 
that  have  positive  spot  will  strip  or  swell  less  readily 
than  those  that  are  negative,  and  the  higher  the  xylene 
equivalent,  up  to  100%  xylene  equivalent,  the  more  you 
can  absolutely  diminish  the  swell  with  that  particular 
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type  of  material,  and  as  you  go  into  the  negative  material 
the  swell  increases  very  rapidly. 

Has  anyone  else  any  comment  on  that  subject  again?  I 
have  heard  the  opposite  view  expressed.  Have  you  any- 
thing on  that,  Professor  Housel? 

1 have  nothing  to  say  on  that  particular  point  in  connec- 
tion with  positive  spot  tests.  There  is  one  comment  that 
might  be  made  in  connection  with  the  work  reported 
by  Mr.  Brown.  There  have  been  several  comments  before 
which  seem  to  check  the  conclusions  drawn  from  that 
set  of  tests  in  that  the  experimental  project  that  was 
constructed,  using  an  SC-2  oil  with  a relatively  high 
moisture  content  in  the  aggregate  in  the  mixing  and 
put  down  immediately  without  drying  in  the  windrow, 
and  which  flushed  rather  badly.  The  capillary  movement 
carried  the  bitumen  out  with  it,  the  free  bitumen  com- 
ing to  the  top.  The  top  inch  or  two  was  very  rich  and 
rutted  badly.  Under  exactly  the  same  conditions  when 
using  an  SC-3  oil  it  behaved  perfectly  satisfactorily. 
There  appeared  to  be  no  flushing  on  the  surface. 

There  was  some  comment  about  adding  dust  to  off- 
set the  light  viscosity  of  some  of  the  oils,  and  one  of  the 
other  speakers  brought  out  a point  that  emphasizes  the 
importance  of  the  viscosity  of  the  oil  or  fluid  binder. 
In  that  connection  there  is  involved  a question  of  just 
what  connection  there  is  between  viscosity  and  the  oil 
and  stabilization  with  the  small  percentage  of  bitumen. 
We  have  suggested  that  the  bitumen  is  carried  by  the 
capillary  water,  and  possibly  the  higher  viscosity  bitumen 
plugs  the  entrances  to  the  larger  pore  spaces.  This 
deposition  of  bitumen  at  the  throats  of  capillary  channels 
may  be  the  essential  factor  in  stabilization  or  in  at  least 
part  of  the  mechanism,  rather  than  the  entire  coating 
of  the  soil  particles,  although  both  of  those  things,  of 
course,  may  enter  into  it. 

Have  you  any  further  comment  on  any  of  the  questions? 

Early  in  the  discussion  Mr.  Gould  mentioned  a particular 
section  where  SC-1  was  used  and  which  is  now  saturated 
with  water.  The  suggestion  has  been  made  that  this 
condition  might  be  cured  by  adding  limestone.  Does 
anyone  else  have  any  suggestion  to  help  us  out?  You 
understand  that  this  base  was  compacted  originally  to 
Proctor  density  last  fall.  It  went  through  the  winter, 
and  a test  last  week  indicates  a moisture  content  as 
high  as  17%.  The  per  cent  of  SC-1  used  was  about  4%. 
I have  in  mind  that  we  could  tear  this  base  up  and 
recompact  it.  Perhaps  that  is  something  we  will  have 
to  do  every  year  or  two,  but  I am  just  wondering 
if  anyone  else  can  give  us  an  idea  of  what  we  might 
do  to  permanently  remedy  this  failure. 
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We  noticed,  in  connection  with  bituminous  stabilization, 
that  occasionally  we  would  have  stretches  that  I imagine 
behave  similar  to  what  you  mean,  but  the  manifestation 
of  it  was  in  alligatoring  and  cracking  to  start  with,  j 
We  found  that  below  we  had  an  extreme  moisture  con- 
dition in  the  bottom  part  of  the  base,  but  the  top  dried 
out  crusty  and  cracked.  We  discovered  that  before  the 
completion  of  the  work,  there  would  be  occasionally 
such  stretches.  We  would  go  back  with  the  blade,  break 
them  open,  and  allow  them  in  warm  weather  to  stand 
for  half  a day  or  so.  That  would  bring  the  moisture 
below  the  optimum.  Then  we  would  add  moisture  to 
bring  it  up  to  the  optimum  and  recompact,  and  we  had 
no  further  difficulty. 

I am  afraid  you  are  going  to  have  to  do  some  experi- ; 
menting,  Mr.  Perry,  to  get  the  answer. 

Has  anyone  else  had  any  questions  or  subjects  to 
be  discussed  in  connection  with  any  of  the  papers  or 
in  connection  with  any  of  their  problems?  Have  any 
members  of  the  committee? 

It  has  been  the  practice  of  Mississippi  for  some  years  I 
to  use  hot  plant  mixed  pavements  wherever  local  aggre- 
gates  were  available.  We  generally  used  a 3"  base  course! 
with  an  inch  and  a half  Topeka  on  top  of  it.  I want 
to  know  if  there  is  any  more  cracking  where  you  use 
a mechanical  finisher  than  in  any  other  type. 

Has  anyone  else  had  experience  with  using  mechanical 
finishing,  in  having  accelerated  cracking?  We  have  been 
using  mechanical  finishing  with  all  of  our  mixes  for 
five  or  six  years,  and  started  originally  about  1929-30, 
on  sheet  mixes  as  well  as  bituminous  concrete  or  Topeka 
mixes.  There  has  been  some  showT  of  tearing  during 
screeding  or  sheet  asphalt  mixtures,  quite  definitely  so 
where  the  screed  was  not  pre-heated  and  where  too 
high  speeds  were  used. 

I don’t  know  whether  any  of  that  has  become  appar- 
ent in  stone  mixes,  but  I imagine  the  tendency  would  be 
there  to  a certain  extent  if  it  would  occur  in  the  sheet ' 
mixes,  and  in  order  to  eliminate  that  trouble  we  have 
been  using  a gas  device  on  the  finisher  to  pre-heat  the 
screed,  also  slowing  down  the  forward  action  of  the  ma- 
chine. In  other  words,  we  had  to  separate  the  action 
of  the  screed  from  the  forward  action  of  the  machine, 
so  they  would  be  independent. 

I probably  didn’t  make  myself  clear.  That  is  interesting. 
We  have  been  laying  4%"  pavement,  you  see,  and  in 
the  course  of  three  to  five  years  it  starts  drying  out 
and  checking  badly,  in  some  instances  more  than  in  others. 

I wonder  if  that  checking  in  thinner  pavements,  2" 
as  against  4 or  5",  is  more  rapid  due  to  drying  out. 
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That  has  not  been  our  experience.  I think  that  drying 
out,  or  loss  of  ductility  and  penetration  and  other  qualities 
in  your  bituminous  mixture,  is  itself  a function  more  or 
less  of  the  quality  of  the  asphalt  rather  than  in  the 
thickness  of  the  pavement.  I don’t  think  it  makes  a great 
deal  of  difference  whether  it  is  one  inch  or  even  five 
inches  thick. 

1 will  hark  back  to  the  first  experiences  we  had  in  the 
Michigan  State  Highway  Department  back  in  1929,  when 
we  originally  used  a mechanical  finisher.  At  the  time 
we  adopted  a Lakewood  screed.  This  was  an  ordinary 
concrete  finishing  machine.  We  were  using  it  on  sheet 
asphalt  for  the  first  time.  The  result  of  that  job  was 
that  although  we  got  a beautiful  looking  surface,  we 
were  constantly  bothered  with  the  appearance  of  what 
I might  call  a herring  bone  pattern  of  cracking  immedi- 
ately following  the  screed.  This  required  considerable 
back  work.  That  led  us  to  try  narrower  screeds.  At 
the  time  we  were  more  or  less  pioneering  in  the  use 
of  the  machine  on  sheet  asphalt  paving,  and  we  hadn’t 
developed  it  to  the  point  where  we  were  applying  heat 
to  the  screed,  but  we  had  figured  out  that  the  drag  of 
the  screed  was  sufficient  to  cause  the  sheet  asphalt 
mix  to  tear  and,  if  we  were  to  make  it  narrower,  we 
would  get  away  from  that  trouble.  In  a large  measure 
we  did,  but  as  the  experience  of  the  highway  department 
has  shown  since,  those  mixtures  were  designed  for  high 
Hubbard-Field  stability  although  containing  only  slightly 
higher  than  normal  filler  content. 

Pavements  that  we  made  with  the  finishing  machine 
developed  further  cracking,  but  all  of  it  in  general  fol- 
lowing this  herring  bone  pattern.  Later  pavements  of 
the  same  mixture  that  were  laid  by  hand,  although  they 
didn’t  follow  this  system  of  cracking,  also  indicated  that 
they  did  not  contain  the  proper  materials  or  possibly 
that  they  were  improperly  designed  because  they  also 
cracked,  but  where  we  used  the  finishing  machine  crack- 
ing followed  a definite  path  of  the  zigzag  motion  of  the 
screed. 

The  question  I wanted  you  specifically  to  answer,  Mr. 
Vokac,  was,  in  your  opinion,  do  you  believe  there  is 
any  difference  in  the  loss  of  the  qualities  of  the  bituminous 
material  in  a thin  or  a thick  pavement?  You  have  done 
considerable  work  along  that  line. 

No,  I do  not  believe  so.  In  an  investigation  completed 
last  year  and  reported  in  part  before  the  Association  of 
Asphalt  Paving  Technologists  last  December  in  Memphis 
attention  was  called  to  the  fact  that  in  cracking  pave- 
ments I observed  the  only  difference  that  really  existed 
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in  the  physical  make-up  of  the  mixture  as  compared 
to  good  pavements  was  a difference  in  density.  The  aver-, 
age  composition  of  the  good  mixtures  and  the  poor-: 
mixtures  was  the  same  as  to  mixture  proportions,  but 
the  mixtures  that  had  cracked  invariably  showed  less] 
density  than  could  be  obtained  in  the  laboratory,  whereas:! 
the  good  mixtures  had  density  equal  to  that  obtained: 
in  the  laboratory. 

Laboratory  work  has  shown  us  also  that  the  harden- 
ing of  the  asphalt  is  not  affected  by  the  size  of  the 
specimen  so  long  as  the  densities  of  the  specimens  that 
you  are  comparing  are  the  same ; further,  when  a rich 
mixture  is  compared  with  a lean  mixture,  the  harden- 
ing of  the  asphalt  progresses  at  very  much  the  same  rate1 
providing  that  your  mixtures  are  all  equally  dense  or 
impermeable.  So,  on  these  bases,  I don’t  believe  you  will 
find  any  difference  in  the  cracking  tendency  as  between 
the  thick  pavements  and  the  thin  pavements.  If  the  asphalt  j 
is  hardening  because  the  pavement  lacks  density,  it  would; 
harden  just  as  rapidly  if  you  had  a thin  section  that; 
was  of  equal  density. 

Except  that  there  is  one  thing  that  has  not  been  brought 
out.  Perhaps  it  is  a little  easier  to  secure  maximum 
density  in  the  thinner  pavements  than  you  would  in 
the  thicker  ones,  but  assuming  they  were  equal,  1 would 
say  from  our  experience  it  would  make  no  difference.! 
Mr.  Vokac,  that  is  a very  good  point.  Is  there  anyone! 
else  on  the  committee  that  has  a subject  or  a point  he : 
would  like  to  bring  out? 

If  I may,  I would  like  to  go  back  to  one  thing  that 
was  mentioned  this  morning.  I am  sort  of  interested  in 
a statement  made  by  Mr.  Fahnestock  of  North  Carolina,! 
and  that  was  with  regard  to  the  sand  asphalt  retread 
mixes  to  level  up  an  old  pavement,  in  which  he  stated 
they  were  stable  even  when  twelve  inches  thick.  I would 
sort  of  like  to  know  what  type  of  oils  he  used,  how  j 
he  mixed  them,  and  if  budt  in  layers,  how  many  layers,  I 
and  just  the  lowdown  on  it. 

The  retreads  are  made  of  sand  and,  when  used  for  super-  j 
elevating  curves,  are  usually  mixed  with  PC-1  or  RC-2, 
and  they  are  generally  mixed  by  just  placing  the  sand 
on  the  road,  mixed  with  a motor  grader  or  retread 
paver.  It  is  essential  that  the  moisture  and  the  solvent 
material  in  the  mix  be  practically  evaporated  before  the 
mixture  is  spread  if  you  are  to  obtain  stability.  There 
is  no  trouble  in  determining  when  you  are  going  to 
get  that  stability.  If  you  spread  it  too  quickly  you  will 
soon  find  out  you  haven’t  got  it  and  you  will  have  to 
tear  it  up  for  additional  aeration. 
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As  for  the  design  of  the  mix,  the  amount  of  bitumi 
nous  material  that  is  used  in  the  mix  of  course  depends 
on  the  grading  of  the  sand.  As  I stated  this  morning,  there 
is  no  formula  which  we  found  entirely  satisfactory.  We 
make  up  trial  mixes  and  observe  them,  then  we  make 
the  mix  on  the  road  and  we  tend  toward  the  lean  side; 
if  the  mix  should  prove  to  be  slightly  lean  the  only 
trouble  that  will  result  will  be  a sanding  off  of  the 
surface,  which  can  be  easily  corrected  by  a tack  coat 
on  top,  or  by  the  addition  of  more  bituminous  material. 

There  is  just  one  point  that  is  not  clear  to  me,  Mr. 
Fahnestock,  and  that  is,  if  you  were  making  a 12"  lift 
would  you  make  that  all  at  one  time  or  in  several  layers? 

It  isn’t  practical  to  mix  enough  material  with  a blade 
to  make  a 12"  lift  at  one  time,  so  it  is  more  satisfactory 
to  bring  that  up  in  about  two  lifts.  One  of  those  lifts 
is  shaped  and  rolled  either  with  rubber-tired  equipment 
or  with  a flat  wheel  roller.  We  don’t  use  the  sheepfoot 
roller  on  the  sand-asphalt  mix.  The  other  layer  is  put 
on  top  of  that  and  finished  in  a similar  manner. 

When  we  are  planning  to  place  a retread  over  an 
old  road  we  generally  go  over  that  road  and  build  up 
the  curves  first,  and  then  we  come  back  with  a retread 
over  the  entire  road,  also  over  the  curves,  and  it  gives 
a uniform  surface  over  the  entire  roadway. 

Who  else,  now,  has  a subject  that  he  would  like  to 
start  ? 

In  one  of  these  papers  that  you  have  here  you  make 
the  comment  that  oil  mixes  are  quickly  analyzed,  al- 
though for  road  mixes  the  moisture  determination  on 
the  aggregate  would  be  required.  I am  interested  in 
knowing  what  kind  of  equipment  you  use  for  making 
that  determination. 

A stove  pan  and  scales  to  get  the  moisture  content  by 
the  ordinary  method  of  evaporation. 

That  can’t  be  done  on  oil. 


I thought  you  meant  before  the  oil  is  applied,  to  deter- 
mine the  moisture  of  the  aggregate. 

I thought  from  this  that  it  was  done  on  both;  aggregate 
can  be  done  on  a stove  but  it  isn’t  so  easy  to  do  it  on 
the  oil  mix. 

Our  man  from  the  laboratory  was  on  his  way  down  here 
and  had  a death  in  the  family  and  had  to  go  back.  I 
don’t  think  I can  answer  that  for  you. 
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I can  attempt  to  answer  the  question.  That  particul; 
comment  questioned  by  Mr.  Powers  referred  to  the  o 
aggregate  construction  where  the  aggregate  is  dried  befoi 
the  mix.  Moisture  determinations  are  not  ordinarily  mac 
in  the  field  on  plant  mix  after  the  mixture  has  bee 
laid  or  prepared  for  laying.  Determinations  of  moistur 
are  made  on  the  aggregate  before  it  is  mixed  with  tl 
oil  by  drying  to  constant  weight  on  a gasoline  stod 
and  computing  the  moisture  content  from  the  different! 
in  weight  before  and  after  drying  in  the  usual  way.  Tf| 
moisture  content  of  field  mixtures  referred  to  in  M 
Brown’s  paper  were  determined  on  samples  taken  t 
the  laboratory  and  subjected  to  the  usual  distillatio. 
test. 

Do  you  have  any  facilities  in  the  field  in  case,  after  yol 
have  dried  it  out,  you  should  have  a rain  and  have  ti 
dry  it  out  again? 

I don’t  believe  so.  If  it  rains  on  the  aggregate  it  wi 
have  to  be  dried  out  and  tested  again.  If  it  rains  oij 
the  mix  itself  I am  not  familiar  with  the  method  the! 
would  use  in  the  field  in  that  case. 

That  is  what  I was  interested  in. 


All  of  our  mixture  is  plant  mix.  We  don’t  do  any  mixed! 
in-place  work  at  all,  so  the  mixture  just  wouldn’t  b 
laid  under  such  conditions. 

We  have  field  apparatus  in  our  state  that  we  use,  anc 
it  has  been  quite  satisfactory.  I wonder  if  Mr.  Powers  ill 
speaking  of  cut-backs  or  slow-curing  oils. 

Either  one. 

For  our  cut-back  mixtures  we  use  a very  simple  distilla 
tion  apparatus,  just  two  glass  flasks  and  a condenser 
We  put  our  sample  from  the  windrow  in  one  flask — the 
other  is  a steam  flask.  We  run  steam  through  the  sample! 
and  collect  the  volatiles  through  the  condenser.  AfteiJ 
all  the  volatiles  have  been  driven  off,  the  steam  is  dis-l 
connected  and  the  sample  is  heated  until  all  moisture 
has  been  driven  off.  With  the  total  loss  in  weight  of 
the  sample  and  the  amount  of  volatiles,  we  compute  the 
percentage  of  moisture  in  the  mixture.  This  apparatus' 
has  been  checked  with  synthetic  mixtures  in  the  labora- 
tory and  results  have  been  quite  satisfactory. 

Is  there  anything  else? 

A suitable  method  that  might  be  tried  is  the  method  for 
determining  the  volume  of  moisture  in  a sample.  By 
weighing  out  the  sample  and  adding  naphtha  as  in  the; 
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usual  Dean  and  Stark  method,  as  prescribed  by  the 
A.S.T.M.,  determination  of  the  moisture  content  of  soil 
mixtures  with  asphalts,  tars  or  any  oils  that  are  volatile 
in  heat  can  be  effected. 

Are  there  any  other  subjects  that  you  would  like  to 
have  brought  up  relating  to  the  construction  of  bitumi- 
nous pavements? 

Mr.  Steinbaugh,  I would  like  to  know  what  experience 
some  of  the  states  have  had  in  surface  treating  highly 
stabilized  gravel  surfaces.  As  Mr.  Steinbaugh  remarked, 
a year  or  so  ago  we  started  building  pre-stabilized 
gravel  bases  with  the  use  of  chloride,  and  we  want  to 
surface  treat  them  to  get  rid  of  the  dust  nuisance.  We 
tried  out  several  methods  of  surface  treating.  Our  method 
in  the  past  on  ordinary  gravel  roads  before  we  started 
stabilizing  was  to  use  the  ordinary  prime  coat  material, 
such  as  an  MC-1,  or  TC-2,  and  then  applying  a heavier 
material  to  hold  the  chips.  In  using  that  method  on  the 
stabilized  gravel  surfaces,  we  don’t  get  any  penetration 
of  the  prime  material,  and  I am  rather  interested  in 
knowing  what  experience  some  of  the  other  states  have 
had,  whether  they  use  a prime  and  what  type  of  prime 
in  surface  treating  stabilized  gravel. 

Has  anyone  that  has  been  doing  gravel  stabilizing  had 
any  experience  in  regard  to  that,  getting  penetration  of 
bituminous  materials  into  the  stabilized  surface? 

I presume  that  you  mean  by  surface  treatment  the  appli- 
cation on  top  of  a gravel  base  of  a certain  type  of  oil 
to  the  extent  of  somewhere  between  half  a gallon  to 
three-quarters  gallon  to  the  square  yard,  and  allowing  it 
to  penetrate. 

We  have  done  probably  150  or  200  miles  of  that 
in  our  state  and  we  do  not  have  any  trouble  with  the 
application  of  the  oil  providing  the  material  is  slightly 
damp. 

What  kind  of  oil  do  you  use? 

We  use  SC-2  and  MC-2.  If  you  get  it  too  wet  it  has  a 
tendency  to  hold  the  oil  up. 

You  dampen  the  surface  of  the  stabilized  gravel? 

Yes,  just  prior  to  the  application  of  the  oil,  and  in  that 
way  we  get  anywhere  from  one-half  to  three-fourths 
of  an  inch  penetration,  which  is  as  much  as  you  should 
expect,  because  you  don’t  want  to  distribute  the  oil  too 
far  into  the  base.  The  moisture  in  our  particular  case 
is  a benefit  rather  than  a hindrance. 

Is  that  a gravel  surface  stabilized  with  clay  and  chloride? 
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It  is  the  natural  gravel  we  have  in  our  country,  crushes 
to  an  inch  maximum  size,  carrying  probably  not  to  exceet 
10%  minus  200.  The  P.  I.  of  the  material  that  we  us 
would  probably  not  exceed  4 or  5,  and  in  most  case 
would  be  around  zero  up  to  2. 

Thank  you. 

We  have  found  in  our  stabilized  gravel  bases  where  w. 
have  primed  those  surfaces  within  about  three  weeks  j 
(the  percentage  of  clay  will  vary,  probably  depending  I 
on  the  grade  of  clay,  carrying  probably  10  to  15%  o 
clay  with  a P.  I.  of  probably  10  or  12,  and  priming 
with  either  MC-1  or  TC-1)  that  we  get  a penetratioi 
of  about  a quarter  of  an  inch. 

I think  this  is  true,  that  if  you  have  excessive  mois 
ture  in  the  base  you  are  not  going  to  get  the  penetratioi  i 
you  would  like  to  have  or  should  have.  In  some  laboratory 
work  wre  found,  as  Mr.  Powers  has  stated,  that  by  adding 
moisture  just  prior  to  the  prime  coat  we  obtained  in 
creased  penetration.  Where  we  normally  get  a quartei 
of  an  inch,  by  moistening  we  might  get  5/16"  or  3/8"! 

Along  that  line,  we  had  a clay  stabilized 
year  and  we  came  in  immediately  afterward  and 
it  with  MC-1,  and  put  a tar  seal  coat  on  top  of  that! 
sand  covered.  Some  of  those  sections  on  that  job  pitted1 
rather  badly,  and  because  of  lack  of  maintenance  that 
condition  was  aggravated.  The  engineer  had  made  a very: 
careful  study  of  the  length  of  time  the  MC-1  was  down! 
before  the  tar  seal  coat  had  been  placed  on  it.  In  some 
sections  the  prime  had  been  down  for  a period  of  nine 
days  prior  to  the  placing  of  the  seal  coat  material,  and 
it  was  indicated  on  the  basis  of  his  study  that  the  longer 
the  prime  had  been  down,  the  more  durable  was  the 
seal  coat. 

In  those  sections  where  we  had  a nine-day  interval 
between  the  prime  and  the  seal  there  was  positively  no, 
pitting  over  that  stretch,  and  where  the  seal  had  been 
put  on  the  next  day  following  the  prime  there  was 
considerable  pitting. 

In  that  connection  I might  add  that  the  usual  type  of 
surface  treatment  we  put  on  is  very  similar  to  the  one  Mr. 
Swanberg  has  just  described.  We  use  a half  gallon  as 
an  initial  application  and  use  the  extra  quart  as  a seal 
coat,  and  we  do  not  apply  the  seal  coat  until  there ; 
has  been  an  absorption  by  the  base  of  all  of  the  oily 
material  that  has  been  placed  on  it  prior  to  that  time.! 
Sometimes  it  takes  two  days,  sometimes  three  or  four,  j 

But  the  difficulty  Mr.  Schaub  is  having  is  getting  pene- 
tration from  the  original  application.  Has  anyone  been ; 
able  to  get  satisfactory  results  with  any  kind  of  emulsion?  ; 
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Mr.  Chairman,  about  three  weeks  ago  we  used  an  emul- 
sion, a rather  heavy  emulsion,  and  in  order  to  secure 
any  penetration  whatever  it  was  necessary  to  wet  the 
subgrade ; that  is,  it  was  necessary  to  wet  the  stabilized 
base.  But  even  then  we  really  did  not  secure  any  pene- 
tration to  speak  of.  The  asphalt  simply  laid  on  top,  and 
in  order  to  proceed  with  the  surface  treatment  it  was 
necessary  to  place  cover  aggregate  over  this  prime  to 
blot  it  up. 

As  for  the  penetration  on  some  of  these  dense  stabi- 
lized bases,  the  depth  of  penetration  will  be  less  than 
on  the  more  open  gravel  surfaces.  We  use  .4  to  .5  gallon 
of  prime  per  square  yard  on  the  open  mixes,  and  on 

the  denser  ones  from  .2  to  .3  gallon  per  square  yard. 

Thank  you. 

I would  like  to  ask  Mr.  Powers  a question.  Judging  from 
the  comments  of  Mr.  Swanberg  and  Mr.  Powers,  one  of 
the  essential  elements  involved  in  the  penetration  of  the 
seal  coat  would  be  that  the  aggregate  base  itself  be 

dry  before  the  moisture  is  sprayed  on  the  surface.  If 
that  is  the  case,  would  you  subscribe  to  the  idea  that 
the  essential  mechanism  there  is  that  the  moisture  that 
is  applied  prior  to  the  seal  coat  was  being  drawn  by 
capillary  action  into  the  base  and  carrying  the  bitu- 
men with  it? 

I will  answer  that  question  this  way : It  is  my  observa- 
tion, Mr.  Plousel,  that  it  is  due  to  the  fact  that  you  cut 

the  dust  so  that  it  doesn’t  have  any  tendency  to  ball 

up  the  oil,  and  allows  it  to  go  down  through.  As  I see 
it,  it  filters  down  through  there,  whereas  if  you  allow 
it  to  be  dusty  it  balls  up,  your  fines  block  the  oil 
and  will  not  allow  it  to  go  down. 

My  suggestion  would  check  up  with  what  Mr.  Brown 
found  in  his  paper  about  the  necessity  of  the  drying 
period,  where  you  had  excess  moisture  in  the  mix,  as 
a means  of  distributing  the  bitumen.  Movement  of  capil- 
lary moisture  appears  to  be  an  essential  part  of  the 
mechanism  of  depositing  the  bitumen  and  sealing  the 
mixture.  Your  observation  would  seem  to  indicate  that 
same  idea,  as  would  Mr.  Swanberg ’s. 

The  matter  of  a limiting  value  for  plasticity  index  or 
soil-bound  base  courses  has  been  lightly  touched  on  and 
various  ranges  have  been  given.  One  state  advised  that 
they  were  using  a maximum  value  of  6,  another  state  of 
12,  and  another  state  of  15.  It  would  appear  to  me  that 
there  could  well  be  a definite  expression  among  the  va- 
rious personnel  present  as  to  what  they  would  consider 
a conservative  maximum  value  of  that  factor. 
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Also,  another  question  while  I have  the  floor,  in  re 
gard  to  the  solvent  content  that  the  states  are  allowing 
to  be  incorporated  in  the  mixture  at  the  time  of  spread 
ing.  As  I understand  the  general  practice,  from  conversa 
tion  and  from  discussion,  many  of  the  states  are  spread 
ing  their  dense  graded  mixtures  immediately  after  th< 
application  of  the  liquid  asphalt,  that  is  after  it  ha: 
been  properly  mixed  with  the  mineral  aggregate,  with 
no  governing  value  fixed  as  to  the  amount  of  solven 
that  may  remain  in  the  mixture.  I would  like  to  heai 
both  these  points  more  fully  discussed. 

Who  will  volunteer  on  either  of  those  questions? 

As  for  the  P.  I.  on  base  materials,  we  have  found  ir 
Texas  by  actual  test  on  bases  that  have  been  down  many 
years,  if  we  get  a plasticity  index  in  our  caliche  anci 
crushed  stone  bases  of  more  than  15  we  are  very  liabh; 
to  run  into  trouble.  As  a consequence,  while  we  have 
some  bases  that  have  a higher  P.  I.  than  15  that  have 
stood  up  for  several  years,  we  have  a specification  limij 
now  of  a P.  I.  of  15  on  caliche  and  crushed  stone  bast 
material.  On  the  gravels  we  lowered  that  to  12.  We  don’j 
have  any  lower  factor  for  the  P.  I.,  but  we  think  we  hav< 
found  out  that  the  lower  factor  of  the  P.  I.  is  no  deter 
mination  of  whether  the  material  will  set  up  or  not.  I cai 
recall  one  job  on  which  we  had  two  pits,  one  of  whicl 
had  a P.  I.  of  zero  and  the  other  of  14,  and  both  were 
set  up  in  the  same  way,  and  I believe  the  one  with  tin 
zero  factor  is  standing  up  better  than  the  other. 

Most  of  our  work  is  being  set  up  with  RC’s  on  plan' 
mixes.  You  have  to  lay  it  down  to  make  a pavemeni 
on  it,  and  the  amount  you  leave  in  there  depends  oi 
the  temperature  and  humidity  at  the  time  you  lay  1 
down.  If  it  is  cold  you  have  to  lay  it  down  with  more 
volatiles  in  them  than  when  they  are  hot,  because  the 
viscosity  of  the  mix  is  such  that  it  is  not  workable 
if  you  keep  on  blading  it.  That  is  a bad  point,  so  we; 
try  to  do  that  work  in  hot  weather  if  possible. 

Does  your  specification  cite  a maximum  volume  of  solven  ] 
that  may  be  carried? 

The  specification  for  the  cutback  itself  does,  yes.  There 
is  no  specification  with  regard  to  the  mixture. 

Thank  you,-  Mr.  Davis. 

1 think  it  would  be  best  if  you  could  get  it  all  out  befor< 
you  lay  it  down,  but  if  you  did  you  could  not  lay  youij 
pavement  down. 

I think  there  is  a point  that  is  worthy  of  consideratioi 
relative  to  this  item  of  P.  I.  When  we  started  making 
soil  tests  in  Minnesota  we  followed  the  procedure  out 
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lined  in  Public  Roads,  Vol.  12,  No.  5,  dated  July,  1931. 
The  lower  liquid  limit  and  plastic  limit  values  were  de- 
termined by  the  hand  method.  Since  then  a machine  has 
been  developed  and  adopted  for  making  lower  liquid 
limit  determinations.  With  the  calibrated  liquid  limit 
machines  we  got  values  much  lower  than  by  the  hand 
method,  thus  lowering  the  P.  IPs  and  causing  confusion. 

We  have  had  considerable  discussion  on  this  problem 
with  the  Bureau  of  Public  Roads  because  if  we  adopted 
the  machine  method  it  would  mean  lower  P.  IPs  and 
consequently  a change  in  our  specification  limits  would 
be  necessary. 

That  machine  you  are  talking  about — has  anybody  got 
one  that  will  really  work? 

We  get  values  from  it,  but  we  prefer  to  use  the  hand 
method. 

That  is  what  everybody  else  does  that  I have  run  into. 
Has  anybody  one  of  those  that  really  works?  If  so,  we 
would  certainly  like  to  know  it,  if  it  is  really  good. 

Regarding  the  P.  I.,  what  I have  to  say  now  is  a personal 
comment,  and  probably  wouldn’t  stand  up  long  under 
argument,  but  it  is  my  thought  that  we  are  giving  far 
too  much  importance  to  the  P.  IPs.  What  we  are  inter- 
ested in  primarily  is  the  cementing  qualities  of  the  ma- 
terial which  we  are  stabilizing,  and  the  P.  I.  becomes 
important  only  in  its  maximum  value  in  avoiding  the 
highly  plastic  conditions  in  the  presence  of  undue  mois- 
ture. 

We  find  in  Mississippi  that  you  can  use  a much  higher 
P.  I.  with  a well-graded  material  than  where  the  material 
isn’t  so  well  graded.  I have  in  mind  a surface  treatment 
project,  a triple  surface  treatment  where  we  used  an 
emulsion,  where  we  had  a P.  I.  of  18,  and  in  five  years 
we  have  not  had  any  maintenance. 

In  regard  to  the  plastic  index,  I can  state  that  in  Ala- 
bama in  our  base  course  material  the  higher  P.  IPs  are 
successful  only  when  subgrade  conditions  are  favorable, 
and  when  heavy  plastic  sub-soils  are  encountered  we 
find  it  necessary  to  lower  the  P.  I.  in  the  base  course 
material  in  order  to  prevent  failure. 

In  checking  projects  already  finished,  we  found  on 
many  projects  where  the  base  course  materials  have  a 
P.  I.  of  around  12,  and  occasionally  15,  that  our  sub- 
soils conditions  have  been  most  favorable.  On  the  other 
hand,  with  high  P.  IPs  and  bad  sub-soil  conditions  we 
have  had  lots  of  trouble.  Apparently,  there  should  be  a 
correlation  between  the  gradation,  the  soil  fines  and  the 
P.  IPs.  AVhere  you  have  a minimum  amount  of  soil  fines 
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yon  can  have  a higher  P.  I.  and  still  not  have  any  trouble  y 
with  your  base  courses.  Where  you  have  a maximuri : 
amount  of  soil  fines,  that  is,  your  40-mesh  material 
and  have  a high  P.  I.,  you  may  run  into  difficulty. 

In  regard  to  Mr.  Zass’  question  of  what  the  limits  o 
P.  I.  should  be,  the  Bureau  requirements  for  the  materia 
we  have  in  Iowa  are  zero  to  6.  I would  dislike  turning 
down  a contractor’s  job  because  the  P.  I.  on  some  o: 
that  material  was  7.  If  we  could  have  that  raised,  to  sa?! 

8 or  possibly  9,  we  would  come  under  the  wire  in  prettd 
nice  shape. 

Would  you  still  consider  that  satisfactory,  Mr.  Perry?  j 
I believe  we  would. 

I think  there  has  been  too  much  emphasis  placed  on  th( 
subject  of  P.  I.  The  significance  of  the  P.  I.  apparently 
differs  with  various  zonal  soil  groups.  It  seems  reason! 
able  to  expect  that  a similar  P.  I.  value  would  not  indi 
cate  similar  properties  when  comparing  the  Podsols  oi 
Minnesota  with  the  Chestnut  soils  of  the  West.  I would 
like  an  expression  from  Dr.  Winterkorn  on  the  subject! 

Is  Dr.  Winterkorn  still  here?  I believe  he  is  not  at  the; 
meeting.  Mr.  McLeod,  would  you  have  anything  to  say 
in  regard  to  that  subject  of  P.  I.? 

Only  to  say  that  the  P.  I.  of  clays  of  the  same  particle 
size  distribution  in  different  parts  of  the  United  States! 
and  Canada  could  vary  over  quite  wide  limits,  depending 
on  the  soil-forming  agencies  in  each  area.  Therefore,  the 
P.  I.  of  podsol,  prairie,  chernozem,  and  the  red  clays  of  i 
the  southeast  could  be  quite  different  even  though  of 
the  same  particle  size  distribution.  Consequently,  the  P.  I.j 
of  mixtures  of  a given  gravel  of  good  gradation  stabilized 
with  a given  percentage  of  these  clays  could  vary  over 
a range  of  several  percentage  points. 

Has  anyone  else  ? 

I have  to  get  up  again  but  I have  been  waiting  for  Dr. 
Winterkorn.  Apparently  he  has  gone.  I think  he  would 
have  had  something  to  say,  at  least  in  response  to  Mr. 
Stokstad. 

First  I want  to  say  a word  about  Mr.  Davis’  ques- , 
tion : Is  anyone  using  one  of  these  machines  and  getting  \ 
satisfactory  results  with  it?  Are  you  referring  to  the 
liquid  limit  machine? 

Aes. 
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>rof.  W.  S.  I thought  you  might  be  referring  to  the  Plastograph.  We 

lousel : have  been  using  the  liquid  limit  machine  for  several  years. 

Michigan  However,  we  use  ten  blows  instead  of  twenty-five  blows, 

so  I can’t  say  we  are  using  it  in  a standard  way  by  any 
means.  We  used  ten  blows  by  hand  when  using  the  hand 
method,  and  in  calibrating  standard  samples  from  the 
Bureau  with  the  liquid  limit  machine,  of  which  we  have 
several,  we  check  them  pretty  well  on  ten  blows.  Conse- 
quently, we  have  been  using  that  in  spite  of  the  fact 

that  the  standard  method  calls  for  twenty-five  blows.  I 
believe  the  test  is  open  to  some  question. 

I think  it  would  be  interesting  to  this  group  to  know 
that  this  was  a very  live  topic  of  discussion  at  the  last 
A.S.T.M.  meeting,  where  they  were  attempting  to  change 

the  standards  of  the  test  and  the  concensus  of  opinion 

was  to  leave  the  test  alone,  recognizing  that  it  wasn’t 
ready  for  final  standardization  now.  It  was  decided  to 
wait  until  we  had  more  information  on  what  P.  1.  meant 
and  what  the  proper  standard  should  be,  so  that  that 
test  is  very  much  to  be  questioned  and  changes  will  be 
made,  I think,  in  the  next  few  years. 

I agree  with  Mr.  Stokstad,  that  we  are  placing  too 
much  emphasis  on  the  P.  I.’s.  I don’t  know  how  many 
of  the  gentlemen  here  have  heard  the  discussion  in  previ- 
ous meetings,  but  I would  judge  from  the  consensus  of 
opinion  among  those  here  that  the  P.  I.  test  is  not  a 
satisfactorily  designed  test  for  the  stabilized  mixture 
itself.  It  may  be  all  right  as  a quality  test  for  the  binder, 
but  the  best  criterion  for  the  mixture  itself  is  to  go 
back  to  the  old  fundamentals  of  not  over-filling  the 
voids  in  the  aggregate  with  clay.  That  is  what  happens 
when  we  try  to  produce  a certain  P.  I.  for  a stabilized 
mixture  with  a low  P.  I.  binder.  We  fill  the  voids  up 
so  full  of  silt  and  poor  clay  that  it  is  extremely  detri- 
mental to  the  mixture,  and  I believe  Mr.  Powers  and 
several  other  men  who  have  talked  on  that  subject  have 
checked  on  that.  On  the  other  hand,  you  may  have  a zero 
P.  I.  for  the  mixture,  but  if  the  voids  aren’t  over-filled, 
the  mixture  may  be  quite  satisfactory. 

Mr.  Steinbaugh:  Is  there  anything  else  you  would  like  to  have  discussed 
today?  If  you  haven’t  anything  else  that  you  would  like 
to  have  brought  up,  I would  be  inclined  to  dismiss  the 
meeting  and  say  we  are  adjourned. 
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An  abundance  of  readily  accessible  and 
elatively  cheap  Michigan  slow-curing  oils 
ias  prompted  investigations  by  the  Michi- 
gan State  Highway  Department  towards 
he  satisfactory  usage  of  these  oils. 


Since  slow-curing  oils  have  been  used 
uccessfully  by  several  states  in  soil  stabil- 
zation,  their  usage  in  a similar  capacity 
n Michigan  suggested  itself.  However,  since 
nost  of  our  trunk-lines  are  paved  or 
graveled,  soil  stabilization,  as  such,  by 
’oad  mixing  did  not  warrant  an  investiga- 
tion. 

In  the  last  year  or  so  a very  appreci- 
able tonnage  of  clay-chloride  stabilized 
gravel  has  been  produced  both  for  secon- 
dary road  relocation  or  new  construction, 
and  for  increasing  the  thickness  of  existing 
gravel  roads.  As  fast  as  funds  permit,  these 


gravel  roads  are  utilized  as  bases  for  bituminous  surface  treatments,  bitumi- 
nous concrete,  or  oil-aggregate  surfaces.  As  an  alternate  type  of  base  con- 
struction it  appears  that  gravel  stabilization  with  slow  curing  oils  m an 
amount  sufficient  to  reduce  capillary  water  absorption  to  a minimum 
should  be  an  improvement  over  the  highly  capillary  clay  stabilized  bases 
and  should  aid  materially  in  prolonging  the  life  of  the  bituminous  wearing 


To  be  economically  feasible  two  conditions  should  be  fulfilled;  first, 
the  materials  cost  of  oil  stabilized  gravel  should  not  greatly  exceed  the 
cost  of  clay-chloride  gravel  stabilization;  and  second,  little  or  no  addi- 
tional equipment  beyond  that  used  in  the  present  stabilizing  plants  should 
be  required.  An  answer  to  the  first  requirement  could  be  made  only  after 
undertaking  a laboratory  investigation  to  determine  the  approximate  amount 
of  oil  needed.  As  to  the  second  requirement— pug-mill  mixers,  and  clay 
and  gravel  feeders  are  now  required,  so  the  only  additional  equipmen 
needed  would  be  a bitumen  pump,  and  in  a number  of  plants  these  are 
now  available.  Whether  a drier  would  be  necessary  also  depended  upon 
thp  laWatorv  findings,  since  no  information  was  available  which  wou  d 


surface. 


damp  aggregate. 
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The  first  part  of  this  report  will  be  devoted  to  the  laboratory  ii 
vestigations,  and  the  second  part  to  the  application  of  the  laborator 
findings  in  the  construction  of  an  experimental  test  section  of  road. 

CAPILLARY  WATER  ABSORPTION  BY  OIL-GRAVEL  MIXTURES 

Test  Procedure 

The  usual  procedure  in  preparing  to  perform  capillarity  tests  is  t 
separate  the  fines  from  the  aggregate  and  compress  the  damp  mixture 
in  molds  from  which  samples  may  be  forced  intact.  It  was  obvious  tha 
a modification  of  the  procedure  was  necessary  for  the  granular  grave 
mixtures,  low  in  fines  and  bonding  material,  since  there  is  no  assuranc 
that  tests  made  on  a small  portion  of  a mixture  are  at  all  comparabl 
to  those  made  on  the  entire  mixture.  The  procedure  finally  adopted  is  t 
compress  a given  weight  of  the  mixture  in  6-inch  cylindrical  molds,  ! 
inches  high,  under  which  are  placed  several  thicknesses  of  white  blotting 
paper  resting  on  flat  iron  plates.  The  mold  assembly  is  then  placed  in  ; 
constant  level  water  bath  so  that  the  lower  blotting  papers  are  in  contac 
with  the  water.  At  the  expiration  of  the  absorption  period,  usually  ' 
days,  the  material  is  forced  from  the  mold  directly  onto  a balance  pai 
and  weighed  immediately.  The  absorption  is  expressed  as  a percentag< 
of  the  weight  of  the  briquette  before  absorption. 

Other  variations  in  test  procedure  which  have  proven  desirable  ar< 
the  methods  and  temperatures  used  in  drying  the  briquettes  before  sub 
mitting  them  to  the  absorption  tests.  These  points  will  be  discussed  ii 
conjunction  with  test  results. 

Materials  Used  in  the  Tests 

The  gravel  used  in  the  following  capillarity  tests  was  taken  from  s 
large  stockpile  of  material  which  was  to  be  used  with  admixtures  oi 
clay  and  chloride  to  produce  stabilized  gravel.  The  gravel  was,  according- 
ly, high  in  the  portion  retained  on  the  No.  10  sieve,  so  that  for  the  pur- 
poses of  this  investigation  it  was  separated  at  this  sieve  into  coarse 
and  fine  components.  These  were  recombined  for  each  individual  briquette 
(to  avoid  segregation  as  much  a,s  possible)  to  give  50%  material  re- 
tained on,  and  50%  passing,  the  No.  10  sieve.  The  grading  of  the  gravel 


was  as  follows: 

Passing  % in.  sq.  screen,  retained  on  % in.  sq.  screen  18.3% 

Passing  % in.  sq.  screen,  retained  on  No.  10  sieve  31.7% 

Passing  No.  10  sieve,  retained  on  No.  40  sieve  __ 30.2% 

Passing  No.  40  sieve,  retained  on  No.  200  sieve  12.9% 

Passing  No.  200  sieve  6.9% 


The  analyses  of  the  oils  and  tar  used  in  the  investigation  are  given 
in  the  appendix.  The  specification  for  the  soil  stabilization  emulsion  is 
also  given,  the  complete  analysis  not  being  available. 

Effect  of  Test  Conditions  on  Results 

As  previously  noted,  it  seemed  advisable  to  investigate  the  effect  of 
temperatures  and  methods  used  in  drying  the  absorption  specimens.  Normal- 
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the  procedure  is  to  oven  dry  the  samples  at  60°  C.  to  constant  weight, 
lis  temperature  was  no  doubt  chosen  as  the  highest  ordinarily  reached 
a pavement.  For  the  greater  part  of  the  construction  season,  however, 
e road  temperature  is  much  lower.  Furthermore,  normal  evaporation 
excess  water  from  a road  must,  of  necessity,  be  from  the  surface  only, 
hile  moisture  from  laboratory  briquettes  evaporate  from  the  sides  and 
ittom  as  well.  It  is  of  utmost  importance  that  the  significance  of  results 
this  type  of  laboratory  test,  made  under  conditions  differing  from 
ose  encountered  in  field  work,  are  not  misinterpreted.  Such  an  example 
ill  be  given  in  the  discussion  of  the  field  tests. 

EFFECT  OF  DRYING  CONDITIONS 
ON  CAPILLARY  WATER  ABSORPTION 


FIGURE  I 

Curve  1,  Figure  1,  shows  the  capillary  water  absorption  (for  the 
isual  7 day’  period)  of  dry  gravel  mixed  with  various  percentages  of 
5C-2  oil.  It  will  be  demonstrated  later  that  the  shape  of  the  irregular 
:urve  is  due  to  the  non-uniform  coating  of  low  percentage  of  oil  on  dry 
iggregate. 
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As  a check  on  the  accuracy  of  the  water  absorption  tests,  voiclal 
determinations  were  made  on  gravel  with  zero  oil  content.  The  toil 
voids  averaged  16.8%  by  volume  which  is  equivalent  to  water  content  1 
7.1%  by  weight — very  close  to  the  absorbed  water  value.  It  is  evident  thi 
the  pores  in  the  gravel  are  completely  filled  with  water. 

To  prove  that  the  size  and  shape  of  the  mold  selected  had  no  effe 
upon  results  this  test  was  checked  with  a cylinder  4 inches  in  diamet^ 
and  7 inches  high.  The  absorption  obtained  was  8%.  The  effect  of  segreg^ 
tion  of  such  widely  varying  particle  sizes  during  compaction  was  eval' 
ated,  individual  determinations  on  gravel  mixtures  with  zero  oil  conte' 
showing  a maximum  variation  of  1%  absorption.  Therefore  the  value  i 
8%  may  be  considered  a reasonable  check  on  previous  determinatiorj 
If  the  absorption  time  periods  were  appreciably  shorter  than  7 days,  tl 
height  of  the  molds  would  no  doubt  influence  results.  It  was  determine 
that  the  maximum  absorption  of  bitumen-free  gravel  of  this  gradatic 
is  attained  in  approximately  one  day,  so  that  a 7 day  test  for  all  pract 
cal  purposes  appeared  sufficient  for  maximum  absorption  with  sma 
amounts  of  oil  which  increase  the  time  interval  noticeably. 

Following  the  above  outlined  capillary  absorption  procedure,  a secon 
set  of  samples  was  tested  after  having  been  prepared  by  mixing  th 
aggregate  with  2%  water,  to  facilitate  mixing  with  oil  and  to  aid  in  con 
paction,  and  then  drying  in  an  oven  at  60°  C.  to  constant  weight.  Th 
absorption  results,  shown  in  curve  4,  Figure  1,  indicated  such  a marke 
improvement  over  those  of  curve  1 that  the  question  arose  as  to  th 
relative  or  combined  influence  of  the  moisture  content  and  tempera tur 
variables  on  test  values. 

Eliminating  the  moisture  variable  entirely,  a third  set  of  specimen 
prepared  by  mixing  the  dry  aggregate  with  oil  as  for  curve  1.  wer 
heated  for  2 days  at  60°  C.  The  results,  shown  in  curve  5 are  very  near! 
as  good  as  those  shown  in  Curve  4.  It  is  evident,  since  the  data  show: 
in  curves  1 and  5 were  obtained  under  identical  conditions  with  th 
exception  of  heating,  that  there  is  a capillary  flow  of  the  relatively  flui< 
SC-2  oil  within  the  mass  during  the  two  day  heating  period,  resulting 
in  a more  effective  coating  of  the  mineral  particles. 

For  the  purpose  of  eliminating  heating  temperatures  above  normal 
a fourth  set  of  samples,  each  containing  2%  water  as  in  curve  4,  wer 
prepared  and  allowed  to  air-dry  for  2 days  in  a window  on  an  iroj 
table  top,  turning  over  several  times  daily  as  in  road  blading.  Moistur. 
tests  on  duplicate  samples  at  the  end  of  the  air-drying  period  averaged 
iy2%.  In  spite  of  the  moisture  present  the  absorption  values  (Curve  2)  ar« 
very  close  to  curve  4.  The  failure  of  the  attempt  to  remove  the  greateJ 
part  of  the  moisture  present  leads  to  the  conclusion  that  the  manipulation 
of  the  mixture  has  aided  in  coating  the  film  of  water  surrounding  th(| 
mineral  particles  with  oil  films.  Further  mention  will  be  made  of  these 
results  in  the  next  section. 

Effect  of  Moisture  in  Mixes  on  Water  Absorption 

When  it  was  finally  decided  to  construct  an  experimental  section 
of  oil-stabilized  gravel  bases  and  lay  the  material  with  a finishing  ma- 
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ine,  it  was  necessary  to  further  investigate  the  effect  of  moisture  in  the 
gregate,  in  percentage  up  to  5%  which  is  common  in  stockpiled  gravel, 
both  mixing  with  oil  and  water  absorption. 

The  -results  of  the  further  investigation  of  the  effect  of  moisture  are 
yen  in  Figure  2,  where  some  of  the  curves  already  shown  are  repro- 
Lced  for  ready  comparison.  The  absorption  data  given  in  curve  3 were 
tained  from  samples  prepared  as  in  curve  2,  with  2%  water,  sub- 
cted  to  absorption  immediately  without  an  intervening  drying  period. 


EFFECT  OF  MOISTURE  IN  OIL-GRAVEL  MIXTURE 
ON  CAPILLARY  WATER  ABSORPTION 


'he  total  amount  of  water  present  after  the  absorption  period  is,  of 
ourse,  2%  more  than  the  absorbed  water  and  is  as  shown  m curve 
ia  The  somewhat  higher  zero  oil  content  absorption  also  checks  with 
he  volume  of  voids  which  averaged  20.4%,  which  is  equivalent  to 
1.8%  water  by  weight.  This  indicates  that  compaction  is  a little  more 
lifficult  with  2%  moisture  present  than  when  dry.  although  there  was 
loticeably  less  tendency  toward  segregation. 
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The  absorption  percentages  shown  on  curve  3,  especially  for  o 
contents  below  1 %%,  are  materially  higher  than  for  those  specimen 
which  were  air  or  oven  dried,  after  mixing  and  compacting,  and  ar 
indicative  of  results  which  may  be  expected  when  the  mixtures  are  lail 
wet  on  the  road.  Above  approximately  1 y2%  oil  content  the  water  absorp 
tion,  over  and  above  the  initial  amount  present,  compares  favorably  wit 
dried  mixtures. 


EFFECT  OF  AMOUNT  OF  FILLER  IN  OIL-GRAVEL  MIXTURES 
ON  CAPILLARY  WATER  ABSORPTION 
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FIGURE  3 

So  little  evaporation  was  obtained  in  the  air-drying  of  the  mixture 
containing  2%  water  that  another  set  of  samples  were  prepared  contain- 
ing 4%  water.  These  were  exposed  to  air-drying  conditions  as  in  curve 
2.  The  absorption  data,  and  the  moisture  content  after  drying,  was  practi- 
cally the  same  as  with  2%  water.  Absorption  values  are  shown  on  a 
common  curve  2 and  7.  It  thus  appears  that  any  moisture  content  above 
2%  may  be  removed  by  blading  on  the  road  down  to  a minimum  of 
about  !%%• 
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The  choice  of  the  proper  percentage  of  bitumen  to  counteract  detri- 
mental capillarity  in  such  mixtures  therefore  depends  upon  the  moisture 
Content  of  the  aggregate  and  the  method  of  handling  on  the  road.  Under 
deal  conditions  from  % to  1%  of  oil  appears  to  be  sufficient  for  this 
purpose.  If,  however,  the  aggregate  is  dry,  the  efficiency  with  which 
he  low  percentages  of  bitumen  is  distributed  is  not  sufficient  to  pro- 
duce the  desired  decrease  in  capillarity. 

CAPILLARY  WATER  ABSORPTION 
USING  VARIOUS  BITUMINOUS  MATERIALS 
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FIGURE  4 

The  most  significant  result  of  the  investigation  appears  to  be  that 
illustrated  by  curves  3 and  3a  in  Figure  2.  when  no  opportunity  was 
provided  for  drying  previous  to  measuring  the  absorption,  the  charac- 
teristics of  the  mixture  were  very  little  superior  to  those  of  the  original 
aggregate.  The  fact  that  evaporation  involving  capillary  movement  of 
the  moisture  appeared  to  be  the  essential  factor  in  the  decreased,  capil- 
arity  obtained  in  most  of  the  tests  suggests  the  mechanism  involved. 


It  is  recognized  that  as  moisture  evaporates  from  a porous  mass  the 
water  gradually  retreats  into  the  smaller  void  spaces  near  the  point: 
of  contact  of  particles  which  are  the  throats  or  entrances  to  the  large- 
voids.  The  remaining  moisture  may  be  more  firmly  held  and  is  onh. 
removed  at  higher  temperatures.  In  any  event  the  bitumen  carried  h; 
the  water  may  he  likewise  drawn  into  the  throats  of  the  various  capillary 
channels  and  there  attach  itself  to  the  particles  as  excess  moisture  i 
removed.  Bitumen  deposited  in  this  manner  is  in  the  most  strategic  loca 
tion  to  prevent  subsequent  capillary  flow  and  incidentally  supply  th< 
maximum  stability.  It  is  suggested  that  this  mechanism  may  supply  ai 
explanation  of  the  effectiveness  of  small  percentages  of  cohesive  agent 
which  are  being  currently  used  in  soil  stabilization  as  it  is  not  entirely 
clear  how  distribution  in  films  of  uniform  thickness  may  do  so.  Som< 
observations  in  the  field  discussed  later,  also  favor  this  special  distribu 
tion  of  the  bitumen. 

Aggregate  Grading 

Very  little  has  been  done  on  the  effect  of  varying  the  gradation 
of  these  mixtures.  It  is  considered  advisable  to  avoid  the  high  amounts  of 
clay,  usually  from  12  to  16%,  ordinarily  used  in  stabilized  gravel 
Clay  is  highly  hydrophilic,  and  possesses  natural  bonding  properties  whiclj 
would  presumably  be  destroyed  by  the  oil  but  due  either  to  its  enormous 
surface  area  or  the  large  number  of  particles  the  effectiveness  of  the 
oil  might  not  be  sufficient  to  restore  the  equivalent  of  its  original  co 
hesion.  A comparison  between  high  and  low  filler  content  mixtures  an 
shown  in  Figure  3 where  curve  6 shows  the  absorption  obtained  when 
the  clay  is  increased  to  15%.  It  will  be  noted  that  2 oil  is  necessary 
as  against  x/2%  oil  in  the  low  filler  mix  for  equal  efficiency  in  combating! 
absorption. 

It  is,  therefore,  recommended  that  oil-stabilized  gravel  mixtures  be 
well  graded,  and  contain  50-55%  of  sizes  passing  the  No.  10  sieve,  and1 
from  4 to  8%  passing  the  No.  200  sieve.  If  additional  filler  is  required 
a fine  or  loamy  sand  should  be  used.  Such  a mixture  will  possess  ample; 
internal  stability  and  with  1%  to  2%  of  oil  present  may  be  handled 
as  an  oil  aggregate  mixture. 

It  is  realized  that  the  suggested  oil  contents  are  insufficient  to  provide 
the  resistance  to  wear  and  abrasion  required  of  a wearing  surface,  and; 
it  will  be  necessary  to  promptly  seal  coat  these  bases  or  cover  with  a 
thin  wearing  surface  such  as  oil-aggregate. 

Type  of  Bitumen 

Based  on  the  assumption  that  almost  any  petroleum  or  tar  product 
possessing  water-repellent  properties  would  serve  the  purpose,  all  the 
data  presented  thus  far  have  been  obtained  from  mixtures  containing 
SC-2  oil.  To  check  the  accuracy  of  this  assumption,  additional  samples 
were  prepared  using  SC-3  oil,  TM-2  tar,  and  soil  stabilization  emulsion 
mixed  with  aggregate  containing  4%  moisture.  The  mixtures  were  al 
lowed  to  air-dry  as  before  for  2 days.  Moisture  tests  on  these  mixtures 
after  this  period  of  drying  varied  between  1 and  2%,  averaging  1.6%. 
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Absorption  results,  shown  in  Figure  4,  for  the  petroleum  products 
kre  practically  identical.  Absorption  values  for  the  tar  mixtures  are  but 
;lightly  higher,  so,  except  for  some  practical  considerations  which  will 

be  discussed  under  field  tests,  there  appears  to  be  little  choice  in  the 

jype  of  bitumen  used  to  reduce  capillarity. 

FIELD  TESTS 

The  results  of  the  laboratory  experimental  work  appeared  so  promising 
hat  a iy2  mile  section  of  M-124,  about  to  be  constructed  of  clay-chloride 
Itabilized  gravel,  was  selected  for  a field  trial  of  several  oil-stabilized 

fixtures.  These  mixtures  were  laid  between  July  9th  and  16th. 

The  plant  used  on  this  project  was  a Barber-Greene,  equipped  with 
f aggregate  proportioners,  a clay  shredder,  and  a continuous  twin  pug- 
nill  mixer.  A Barber-Greene  finisher  was  used  on  the  road  so  any  possible 
advantages  of  blading  to  dry  out  the  mix  before  compaction  was  not 

obtained.  This  may  prove  to  be  a factor  of  considerable  significance 
n the  performance  of  the  road,  but  from  observations  for  the  short 
oeriod  since  construction  it  appears  that  evaporation  from  the  compacted 
nixture  may  also  produce  an  efficient  distribution  of  bitumen  depending, 
is  will  be  shown  later,  on  the  characteristics  of  the  bitumen. 

TABLE  1 


AGGREGATE  GRADATION  SUMMARY 


Aggregate  Analysis 

Mix  Composition : 

Per  Cent  Passing 

Clay 

and 

Gravel  plus 

%"  square  V2  "round 

Silt 

Moisture 

Date 

Oil 

Filler 

Screen 

Screen  10-mesh 

% 

% 

L938 

7/9 

SC-2 

Clay 

97.7 

81.1 

49.3 

14.2 

7.1 

7/9 

SC-2 

Clay 

98.6 

86.1 

50.9 

15.2 

6.9 

7/11 

SC-2 

Clay 

100.0 

85.6 

50.9 

13.5 

5.6 

7/12 

SC-2 

Sand 

98.0 

81.0 

47.8 

3.3 

4.0 

7/12 

SC-2 

Sand 

97.7 

85.7 

56.3 

3.6 

4.4 

7/13 

SC-2 

Sand 

100.0 

82,8 

50.4 

2.8 

4.4 

F/13 

SC-2 

Sand 

97.3 

82.6 

46,2 

3.1 

No  Test 

f/15 

SC-3 

Clay 

98.4 

81.8 

50.5 

15.8 

5.8 

Oil  percentages  were  regulated  by  synchronizing  the  aggregate  feed 
and  pump  speed,  the  latter  by  the  proper  choice  of  feed  and  pump 
sprockets. 

Mixtures 

Two  oils,  SC-2  and  SC-3,  were  used  in  the  field  tests,  but  because  of 
the  uncertainty  as  to  whether  the  SC-3  oil  would  uniformly  coat  wet 
aggregate  only  a small  part  of  the  oil  ordered  was  of  the  heavier  grade. 

Although  a high  percentage  of  clay  filler  seemed  undesirable,  the 
iEngineer  was  of  the  opinion  that  it  would  be  well  to  try  one  type  of 
imixture  identical  with  stabilized  gravel  with  the  substitution  of  oil  lor 
chloride.  The  aggregate  for  the  clay  filler  mixtures  contained  8%  clay 
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and  6%  silt,  and  the  portion  passing  the  40-mesh  sieve  had  a P.  I.  c 
about  8.  The  fine  sand  used  as  the  other  added  filler  tested  as  follows : 


Passing  No.  10  sieve  98% 

Passing  No.  40  sieve  82% 

Passing  No.  200  sieve  12% 


The  average  mechanical  analysis  of  daily  samples  of  the  aggregate 
before  the  oil  was  added  are  shown  in  Table  1.  5%  passing  the  N< 
200  sieve  was  desired  in  the  sand  filler  mixes,  although  the  tests  average 
but  3.2%.  Moisture  determinations  on  the  clay  filler  mixtures  average 
6.3%,  while  the  sand  filler  mixtures  showed  an  average  of  4.3%. 

After  some  preliminary  trials,  the  aggregate  feed  was  adjusted  t 
1.9  cu.  yd.  per  min.,  and  the  oil  required  was  computed  from  the  weight 
of  material  shown  in  Table  2.  As  in  the  laboratory  tests  the  quantitie 
of  oil  are  expressed  as  percentages  of  the  dry  weight  of  the  aggregate 

It  was  planned  to  use  1%,  2 and  3%  oil  with  each  of  the  tw 
fillers,  but  the  l1/2%  SC-3  mixes  were  omitted  because  of  the  limits 
quantity  of  this  oil.  The  3%  mixtures  were  produced  mainly  to  observ 
their  behavior  and  wearing  ability  as  compared  with  the  standard  oi] 
aggregate  mixtures  used  on  other  projects. 


TABLE  2 

MATERIAL  WEIGHTS 


Weight  (damp) 

Moisture  ir 

i Wt.  per  cu.yd. 

Date 

per  load 
lb. 

per  yard  Aggregate  aggregate  Oi 

lb.  % (dry) -lb.  11 

7/9/38 

Gravel  + sand  filler 

8800 

2933 

7.0 

2728 

7/12/38 

Gravel  -f-  sand  filler 

9060 

3020 

4.2 

2893 

7/12/38 

Gravel  + sand  filler 
+ 3%  SC-2  oil 

9730 

3243 

4.2 

3025  90.1 

7/13/38 

Gravel  -j-  sand  filler 
+ 2%  SC-2  oil 

9240 

3080 

4.4 

2895  57.! 

7/14/38 

Gravel  -f-  sand  filler 
+ 3%  SC-3  oil 

9228 

3076 

4.4 

2864  85.1 

7/15/38 

Gravel  + clay  filler 
+ 2%  SC-3  oil 

8540 

2847 

5.8 

2641  521 

Material  weighed  after  striking  off 
mediately  after  loading. 

level  full  of  3 cu. 

yd.  truck  im 

NOTE:  Oil 

has  been  calculated  as 

percentage  of  dry 

weight  of 

aggregate. 

The  laboratory  analyses  of  the  oil  mixtures  are  shown  in  Table  3 
The  results  given  in  the  first  two  columns  are  in  error  because  of  tin 
loss  of  oil,  during  mixing  and  quartering,  into  the  somewhat  absorbeni 
laboratory  table  top.  Subsequent  samples  were  wrnll  mixed  in  tin  sarnph 
pails  and  duplicate  samples  were  removed  for  bitumen  and  moisture  tests 
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Field  Observations 


All  mixtures  were  laid  and  compressed  without  difficulty,  the  average 
hickness  being  6",  laid  in  two  approximately  equal  layers.  After  drying 
Jut,  the  1%%  oil-clay  filler  mixture  became  very  dusty  and  ravelled 
fadly  so  it  was  covered  with  about  2 inches  of  chloride  stabilized  gravel 
o preserve  the  riding  surface.  The  2%  SC-2  oil-clay  filler  mix  became 
mite  dry  with  some  disintegration  of  the  surface  but  it  was  not  necessary 

0 cover  the  surface  for  several  weeks.  This  result  is  consistent  with 
he  behavior  which  was  to  some  extent  anticipated  as  pointed  out  in 
he  previous  discussion  of  aggregate  grading. 

1 

The  desirability  of  using  as  viscous  an  oil  as  possible  was  proved 
n both  3%  SC-2  oil  sections.  Within  2 days  of  warm  weather,  excessive 
lushing  appeared  and  within  a week  an  appreciable  thickness  of  easily 
uttcd  mat  covered  the  entire  surface.  It  first  seemed  likely  that  the  total 
mount  of  water  and  oil  was  more  than  sufficient  to  fill  the  voids  and 
yas  forced  to  the  surface  by  the  compaction  of  traffic,  but  when  no  such 
rouble  was  experienced  with  a very  similar  SC-3  mix,  the  logical  explana- 
ion  seems  to  be  that  the  SC-2  oil  is  too  fluid  to  withstand  the  flow  of 
apillary  water  to  the  surface  during  evaporation.  The  behavior  here 
LOted  may  be  significant  as  an  indication  of  the  manner  in  which  the 
fitumen  is  distributed.  If  this  material  were  distributed  in  uniform  films 
t is  not  particularly  clear  how  the  variation  in  viscosity  would  exhibit 
uch  a marked  influence.  On  the  other  hand  if  the  effects  produced  are 
lue  to  distribution  of  bitumen  at  contact  points  of  particles  it  can  be 
eadily  appreciated  how  a relatively  small  change  in  viscosity  may  prevent 
he  bitumen  from  passing  through  the  narrow  throats  of  interstitial 
ipenings. 


TABLE  3 

LABORATORY  ANALYSES  OF  OIL  MIXTURES 


o 

£ 

d 

38B- 

38B- 

38B- 

38B- 

38B- 

38B- 

38B- 

38B- 

38B- 

38B- 

38B— 

3 SB- 

955 

956 

983 

984 

986 

987 

1019 

1020 

1021 

1022 

1023 

1024 

)il: 

"ype 

SC-2 

SC-2 

SC-2 

SC-2 

SC-2 

SC-2 

SC-2 

SC- 2 

SC-3 

SC-3 

SC-3 

SC-3 

£ 

1% 

2 

2 

9 

3 

3 

3 

2 

2 

3 

2 

2 

^il'ier 

Clay 

Clay 

Clay 

Clay 

Clay 

Sand 

Sand 

Sand 

Sand 

Sand 

Clay 

Clay 

Screen  or 

Per  Cent 

Retained* 

fieve: 

4"  Sq. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1.6 

k " Rd. 

19.2 

16.6 

15.0 

17.6 

15.0 

17.0 

17.2 

19.2 

11.3 

19.2 

18.1 

17.1 

4 " Rd. 

17.0 

20.1 

18.0 

18.1 

16.7 

15.6 

16.0 

15.6 

18.0 

18.4 

16.0 

14.6 

0 

13.0 

15.5 

15.5 

16.8 

16.1 

14.5 

13.9 

13.5 

15.4 

14.8 

13.2 

13.9 

0 

19.9 

24.6 

23.9 

24.5 

25.0 

23.9 

23.9 

24.5 

27.5 

22.9 

20.1 

22.3 

;o 

10.7 

10.1 

12.5 

10.1 

12.0 

16.1 

19.2 

19.7 

19.8 

15.5 

10.9 

12.9 

!00 

3.3 

2.8 

3.7 

2.6 

3.3 

4.4 

4.0 

3.6 

3.7 

3.2 

3.7 

3.5 

■*200 

16.2 

9.2 

9.6 

7.4 

9.0 

5.7 

2.3 

2.0 

2.1 

2.3 

16.1 

12.6 

3itumen 

0.7 

1.1 

1.8 

2.9 

2.9 

2.8 

3.5 

1.9 

2.2 

3.7 

1.9 

1.5 

vioisture 

6.2 

6.0 

5.5 

5.6 

6.1 

5.2 

4.5 

4.6 

5.2 

4.1 

5.6 

5.5 

'Mixture  analyses  given  on  moisture  free  basis. 
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After  2 weeks  of  observation,  during  which  the  impervious  mat  seemed 
to  prevent  further  evaporation  of  water,  these  two  sections  were  aerated 
with  blades  to  a depth  of  about  4 inches  and  were  then  bladed  to  uni- 
form section  and  contour.  After  the  evaporation  of  the  excess  water  no 
bleeding  occurred. 

As  previously  mentioned,  the  SC-2  oil  was  used  primarily  because  of 
the  doubt  that  SC-3  would  mix  uniformly  with  wet  aggregate.  This  fear 
proved  ungrounded  and  the  distribution  of  the  heavier  oil  seemed  equally 
as  good  as  the  SC-2  oil.  One  additional  precaution,  found  necessary  with 
the  SC-3  oil,  was  that  it  be  heated  until  quite  fliud,  because  when  too 
viscous  the  oil  rate  of  flow  decreased  appreciably  for  the  same  pump 
speed. 

The  2%  SC-3  oil  sections  were  definitely  superior  to  any  SC-2  mix- 
tures. There  was  much  more  ravelling  in  the  clay  filler  mixtures  than  in 
the  sand  filler  mixtures.  This  seemed  to  be  due  mainly  to  the  disintegra- 
tion of  clay  pockets.  These  mixtures  were  left  open  to  traffic  for  a six 
weeks  period  for  observation.  Normally  they  should  be  sealed  after  the 
evaporation  of  excess  water  has  taken  place,  which  is  about  a week 
in  warm  weather. 

The  2%  SC-3  mixture  was  surprisingly  cohesive  for  such  a low  oil 
content  and  it  appears  entirely  probable  that,  with  sufficient  moisture 
to  aid  mixing  and  to  eliminate  segregation  during  the  laying  operations, 
and  with  proper  drying  conditions,  1%%  of  SC-3  may  be  ample  to  provide 
a water  repelling  base  for  bituminous  surfaces.  It  should  be  pointed  out 
that  while  the  tests  performed  and  observations  of  the  experimental 
project  indicate  very  favorable  performance,  the  long  time  behavior  of 
the  mixtures  is  yet  to  be  studied. 

After  6 weeks  of  traffic  the  entire  test  section  was  double  seal  coated 
with  MC-5  cut-back  asphalt  and  chips,  as  was  the  adjoining  chloride 
stabilized  base  (329  feet  west  of,  and  1400  ft.  east  of,  the  oil  stabilized 
sections).  This  road  will  be  under  observation,  especially  during  the 
coming  winter  and  spring  seasons. 


CAPILLARY  WATER  ABSORPTION  DATA 


Curve 

No.  Bitumen 


1 SC-2  oil 


2 SC-2  oil 


3 SC-2  oil 


4 SC-2  oil 


5 SC-2  oil 


6 SC-2  oil 


7 SC-2  oil 


8 SC-3  oil 


9 Soil  Stab- 
ilization 
Emulsion 


10  TM-2  Tar 


Absorption 


Mixture  Composition 

Gravel 

Gravel +1%  oil 
Gravel+2%  oil 
Gravel+3%  oil 

Gravel -|-2%  water 
Gravel  + 2%  water  + % oil 

Gravel+2%  water+1%  oil 
Gravel+2%  water+1%  % oil 
Gravel+2%  water+2%  oil 

Gravel+2%  water 
Gravel  + 2%  water+%%  oil 
Gravel  + 2%  water+1%  oil 
Gravel+2%  water+2%  oil 

Gravel  + 2%  water 
Gravel+2%  water+%%  oil 
Gravel+2%  water+1%  oil 
Gravel  + 2%  water+2%  oil 
Gravel+2%  water+3%  oil 

Gravel 

Gravel+y2%  oil 
Gravel+1%  oil 
Gravel+2%  oli 

Gravel  + 15  % clay+5%  H2  O 
ditto+1%  oil 
ditto  + 2%  oil 
ditto+3  % oil 

Gravel  + 20%  clay+7%  H2  0+3%  oil 

Gravel+4%  water 
Gravel  + 4 % water+%%  oil 
Gravel+4%  water+1%  oil 
Gravel  + 4%  water+2%  oil 
Gravel+4%  water+3%  oil 

Gravel+2%  water 
Gravel+2%  water+y2%  oil 
Gravel+2%  water+1%  oil 
Gravel+2%  water+2%  oil 
Gravel  + 2%  water+3%  oil 

Gravel  + 4%  water 
Gravel+4%  water+%%  Emul. 
Gravel+4%  water+1%  Emul. 
Gravel+4%  water+2%  Emul. 

Gravel  + 4%  water+3%  Emul. 

Gravel+4%  water 
Gravel+4%  water++>%  tar 
Gravel+4%  water+1%  tar 
Gravel+4%  water+2%  tar 
Gravel+4%  water+3%  tar 


% -Dry 


Method  of  Drying-  Days  Basis 


No  Moisture  Present  7 7,2 

No  Moisture  Present  7 5.7 

No  Moisture  Present  7 1.2 

No  Moisture  Present  7 0.5 


7 7.8 

Windrowed  for  2 days  7 0.8 

on  laboratory  table-  7 0.7 

turning  over  several  7 0.4 

times  daily.  7 q.5 


Not  dried  7 g.2 

Not  dried  7 49 

Not  dried  7 2.0 

Not  dried  7 0.6 


7 7.2 

Dried  to  constant  7 0.5 

weight  in  oven  at  7 0.5 

6°°  C.  7 o.4 

7 0.3 


7 7.2 

Mixed  dry  and  7 2.2 

heated  for  2 7 o.5 

days  at  60°  C.  7 o.3 


7 7.7 

Dried  to  constant  7 1.4 

weight  in  oven  at  7 0 5 

60°  C.  7 0^2 

7 0.9 


7 7.8 

Windrowed  for  2 days  7 0.8 

on  laboratory  table-  7 0.5 

turning  over  several  7 0.4 

times  daily.  7 0.4 


7 7.8 

7 0.7 

Ditto  Above  7 o.5 

7 0.4 

7 0.4 


7 7.8 

7 1.0 

Ditto  Above  7 0.6 

7 0.5 

7 0.5 


7 7.8 

7 1.6 

Ditto  Above  7 0.8 

7 0.5 

7 0.4 


ANALYSES  OF  SLOW-CURING  OILS 


SC-2  SC-3 

Specific  Gravity,  25°/25°  C 0.950  0.963 

Water,  per  cent  .. 0 0.2 

Flash  Point,  Cleveland  Open  Cup,  °C 199  224 

Viscosity,  Saybolt  Furol  at  50°  C.,  sec 148 

Viscosity,  Saybolt  Furol  at  60°  C.,  sec 173 

Heterogeneity  Test  Negative  Negative 

Solubility  in  CC14,  per  cent  99.86  99.64 

Loss  on  Heating,  50  g.,  5 hr.,  163°  C.,  per  cent  ....  0.56 
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Distillation  Tests — 

1.  0°  C.  to  190°  C 0.0  0.0 

2.  0°  C.  to  222°  C 0.0  0.0 

3.  0°  C.  to  315.5°  C . 0.0  0.0 

4.  0°  C.  to  360°  C Trace  0.0 

Tests  on  100  Penetration  Residue — 

Total  Residue,  per  cent  64.8  73.0 

Ductility  at  25°  C.,  5 cm.  per  min 105  87 

Ductility  at  4°  C.,  5 cm.  per  min.  .. 11  10.5 

Actual  Penetration  of  Residue  at  25°  C 97  102 


ANALYSIS  OF  TAR  TM-2 


Water,  per  cent  Trace 

Specific  Gravity  at  25°/25°  C 1.151 

Specific  Viscosity,  50°  C.  . 30.5 

Distillation  Test — 

(on  water  free  material) 

1.  0 - 170°  C 0. 

2.  0 - 270°  C 17.3 

3.  0 - 300°  C - 25.1 

Softening  Point  of  Distillation  Residue,  °C.  46.1 

Total  Bitumen  Soluble  in  CS2,  per  cent  93.73 


SPECIFICATION  FOR  SOIL  STABILIZATION  EMULSION 

Viscosity — Saybolt  Furol  25°  C.  sec 40  to  100 

Specific  Gravity,  25°/25°  C Not  less  than  1.00 

Residue  at  163°  C.  3 hr.  50  g 55%  to  60% 

Mixing  Test  Not  more  than  5% 

broken 

Settlement,  10  days  Not  more  than  3 

Sieve  Test  Not  more  than  0.10% 

Demulsibility,  50  ml.  0.1  N CaCl2,  per  cent  Not  more  than  2% 

Dehydration,  100°  F.,  96  hr Not  less  than  60% 

Tests  on  Petroleum  Asphalt  before  emulsification — 

Penetration,  25°  C.,  100  g.,  5 sec ----- 50  to  100 

Solubility  in  carbon  disulfide  Not  less  than  99% 

Loss  at  163°  C.,  50  g.,  5 hr Not  more  than  1.0% 

Ductility  at  25°  C.,  cm.  Not  less  than  120  cms. 
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Present  Practice  of  Bituminous  Road  Construction 

in  Alabama 

By 

LEON  GOTTLIEB 

Bituminous  Engineer 
State  of  Alabama  Highway  Department 

The  developments  in  the  design  and 
construction  of  bituminous  pavements  in 
jthis  state  have  advanced  sufficiently  to 
warrant  a complete  review  of  the  present 
practice. 

Our  bituminous  pavement  is  designed 
on  the  basis  of  the  following  fundamental 
principles  which  were  derived  from  prac- 
tical research  obtained  from  observation 
and  study  of  this  type  of  construction 
over  a period  of  years  and  covering  more 
than  one  thousand  miles  of  surfacing. 

1.  Through  compaction  of  the  road- 
bed, sub-base  or  subgrade. 

2.  Construction  of  a base  course  made 
of  natural  selected  soils  to  provide  a flex- 
ible foundation  that  will  supplement  the 
bearing  powder  of  the  roadbed  soil,  so  that 
the  finished  course  will  support  the  weight 
of  the  vehicles.  The  base  course  is  built  of  materials  which  have  low 
volume  change,  sufficient  adhesion  and  satisfactory  soil  characteristics 
and  stability  to  yield  but  not  be  displaced  by  the  vehicular  loads  and 
the  destructive  actions  of  nature. 

3.  A wearing  surface  that  is  waterproof  as  nearly  as  possible  so 
that  it  will  prevent  surface  water  from  entering  the  base  course,  is 
flexible  yet  rigid  enough  to  prevent  shoving,  and  has  a non-skid  finished 
surface  that  is  safe  at  all  times. 

4.  The  work  must  be  done  under  rigid  engineering  control  to  assure 
the  best  construction  possible  considering  conditions  encountered.  With 
these  fundamentals  in  mind  each  new  project  selected  for  paving  is 
studied  to  determine  the  changes  necessary  in  the  alignment,  cross-sec- 
tion, and  grades  in  order  to  make  the  road  as  safe  as  possible.  This 
study  is  based  on  traffic,  local  conditions  and  a clue  regard  for  the  allot- 
ment appropriated  for  the  improvements.  Due  to  the  large  mileage  of 
roads  programmed  for  paving  each  year,  appropriations  are  not  sufficient 
on  many  projects,  to  properly  regrade  the  roadway  to  conform  to  the 
best  present  practice  of  alignment,  cross-section,  and  gradient  at  this 
time. 
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In  connection  with  the  preliminary  study  a soil  survey  is  made  of 
the  entire  road.  This  consists  of  sampling  and  analyzing  the  natural  soil 
in  the  roadbed,  locating,  investigating,  sampling,  and  analysing  the  ma- 
terials to  be  used  for  the  base  course.  After  the  soils  have  been  analyzed, 
we  determine  the  thickness  of  the  base  course  to  be  used  based  on  the  be- ; 
havior  of  such  soil  on  other  projects  that  have  been  completed;  the  type  of 
base  course  material  found  in  the  vicinity,  and  traffic  conditions.  For, 
example,  in  one  County  where  we  have  plastic  A-7  soil,  we  use  a mini- 
mum of  one  foot  of  selected  sandy  loam  material  as  a subgrade  topping 
before  placing  a base  course  of  sand-clay  eight  inches  minimum  thick- 1 
ness.  While  in  another  locality  where  A-2  friable  soil  is  general,  a six-  j 
inch  gravel  base  will  be  sufficient  without  the  necessity  of  any  subgrade 
topping  material.  All  such  decisions  are  based  on  the  best  judgment  of  j 
the  Engineers  designated  to  make  such  studies.  We  do  not  have  any  labora- 1 
tory  test  to  cover  this  important  phase  of  the  design  other  than  the ; 
regularly  used  mechanical  gradation  and  soil  constant  tests. 

We  have  previously  discussed  the  general  method  of  our  work,  hence 
with  our  added  experience  in  such  construction  a review  of  some  of 
the  details  will  be  given. 

Four  years  of  this  type  of  construction  indicates  the  necessity  of  I 
building  a satisfactory  statewide  organization  which  is  capable  of  carrying! 
on  a large  program  of  such  work  (this  year  we  are  building  more  than  I 
800  miles  of  surface  treatment).  This  required  a lot  of  hard  work,  study, 
and  personal  training  of  engineers  and  inspectors  so  that  they  not  only 
understand  the  work,  but  can  cooperate  with  the  contractors  to  devise 
means  to  do  the  work  better  and  at  a lower  unit  cost.  While  the  engineer-  j 
ing  department  was  going  through  its  development  stages  we  found  this  j 
condition  to  be  even  harder  on  the  contractors  side  as  it  was  necessary  | 
to  train  so  many  superintendents,  foremen  and  operators  of  equipment.  | 

With  both  organizations  better  trained  we  find  ourselves  getting  work 
at  almost  60%  of  the  unit  costs  of  4 years  ago  at  the  same  time  con- 
siderable improvement  in  the  quality  of  the  work. 

Our  engineers  now  watch  the  subgrade  very  closely  so  that  it  is  about  , 
a thing  of  the  past  to  visit  a project  and  find  the  contractor  placing  | 
base  course  material  on  a soft,  spongy,  loose  or  extremely  dusty  sub-  i 
grade.  Next,  we  are  confronted  with  the  problem  of  proper  base  con- j 
struction.  Our  present  practice  is  to  place  all  base  courses  in  two  layers.  - 
Each  layer  is  dumped  directly  on  the  compacted  subgrade  which  has] 
first  been  brought  to  the  proper  cross-section  by  machining  if  on  a 

newly  constructed  grade  or  by  the  use  of  levelling  courses  if  placed  , 
on  an  old  roadbed.  We  do  not  use  form  boards  for  guides.  The  engi-J 
neering  control  exercised  by  the  use  of  grade  stakes,  strings  and  templets  j 
and  the  advancements  in  machinery  design  and  operation  is  such  that  , 
we  can  finish  the  base  course  to  a satisfactory  riding  grade  and  cross-  | 

section  with  the  motor  patrol  or  other  similar  equipment.  Each  course  i 

is  placed  and  spread  and  then  mixed.  In  the  mixing  we  have  encountered  | 
many  problems.  All  the  mixing  is  done  on  the  roadway  by  windrowing,  j 
plowing  and  harrowing.  Different  materials  handle  differently , some-  j 
times  we  have  to  windrow  the  materials ; sometimes  it  is  necessary  to  ■ 
wet  the  material  before  mixing ; or  we  have  to  mix  the  material  while  j 
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in  its  natural  state  of  moisture  and  then  wet  the  material  and  mix 

again.  While  all  this  sounds  complicated  we  have  developed  the  art 
so  that  a contractor  can  place  and  mix  as  much  as  3000  cu.  yds.  of 

base  material  in  a day.  One  of  the  biggest  problems  is  to  shape  the 
base  course  before  priming.  At  first  we  just  machined  the  road  and 
then  primed  same.  This  was  not  satisfactory  because  the  road  was  not 
always  to  the  proper  shape  and  cross  section.  Then  we  started  to  scarify 
the  top  of  all  base  courses  and  reshape  the  loose  material  to  the  proper 
section,  then  recompact  same.  This  was  not  entirely  satisfactory  either 

because  many  of  the  projects  were  not  sufficiently  recompacted.  Also,  in 
reshaping  there  developed  a lot  of  sandy  spots  that  would  ravel  after  the 
prime  was  placed.  Our  present  practice  based  mostly  on  the  improvement  in 
the  art  of  doing  the  work  is  to  start  compaction  as  soon  as  the  base 

course  is  mixed.  This  is  done  by  wetting  and  proper  machining.  On  many 
roads  we  do  not  let  the  base  course  get  dry  during  the  compaction  period. 
By  the  careful  use  of  the  templet  in  connection  with  the  machining 
operations  we  can  get  the  base  course  in  proper  shape  and  hold  same 
in  that  shape  during  the  compaction  period  so  that  no  additional  work 
is  needed  before  the  prime  is  placed.  When  the  base  is  on  the  sandy 
side,  one  must  be  careful  in  machining  so  as  to  prevent  segregation 
and  loss  of  the  clay  binder.  This  method  is  not  used,  however,  on  many  of 
our  top-soil  and  sand-clay  base  courses.  For  such  bases  generally  we  do 
not  have  any  material  above  the  10-mesh  sieve ; hence,  after  every  rain 
or  machining  the  material  has  a tedency  to  laminate  so  that  if  the 
base  is  not  reworked  it  will  scab  or  flake  off.  When  this  condition  occurs, 
we  find  it  necessary  to  first  scarify  the  base  about  3 inches,  then  remix 
it  while  dry  and  reshape  same.  Then  we  place  artificial  traffic  (either 
trucks  or  pneumatic-tired  rollers)  to  compact  same.  After  a reasonable 
amount  of  such  traffic  the  base  is  wetted  and  compaction  continued, 
until  properly  compacted.  The  machining  and  shaping  is  carried  on  at 
the  same  time  until  the  base  is  ready  for  priming.  This  is  one  of  the 
hardest  operations  we  have  and  unless  the  work  is  done  by  experienced 
men  it  will  not  be  very  successful.  All  the  above  is  mentioned  so  as  to 
emphasize  the  fact  that  after  the  fundamentals  are  properly  worked 
out,  the  work  of  construction  must  be  developed  as  an  art  until  con- 
struction details  are  properly  cared  for.  We  still  have  many  construc- 
tion problems  to  solve  in  the  way  of  getting  more  uniform  base  course 
thickness,  better  riding  surfaces,  and  better  compaction ; but  we  are 
always  working  on  the  problem. 

I have  devoted  most  of  this  discussion  to  the  foundation  work  be- 
cause that  is  the  important  part  of  the  successful  construction  of  low 
30st  pavement.  Our  top  consists  of  first  cleaning  and  applying  a prime 
3oat.  This  application  is  applied  at  the  rate  of  approximately  0.3  gallon 
per  square  yard.  With  improvements  in  the  compaction  of  the  base, 
we  have  found  that  we  are  able  to  use  less  material  in  this  application. 


This  year  in  our  inverted  penetration  or  surface  treatment  course,  we 
have  used  smaller  aggregate  on  many  of  the  projects.  We  have  changed 
from  a minimum  of  .4  gallon  hot  application  covered  with  to  cubic 
foot  of  1 inch  to  % inch  aggregate  to  a minimum  of  .35  gallon  covered 
(with  .45  cubic  foot  of  % inch  to  % inch  aggregate.  All  figures  are  rates 


per  square  yard.  The  hot  application  is  usually  150  to  200  penetration 
asphalt ; sometimes  RT  12  tar.  The  aggregate  is  either  round  gravel, 

crushed  slag  or  stone.  The  use  of  the  smaller  aggregate  reduces  the 

cost  about  per  square  yard.  Also,  it  is  easier  to  get  a satisfactory 

cover  with  the  smaller  aggregate. 

In  the  past  our  wearing  course  application  has  been  a drag  seal 
made  with  .42  gallons  of  cut-back  asphalt  or  tar  in  two  applications  and 
dragged  after  applying  % inch  to  16-mesh  aggregate.  While  this  was 

fairly  satisfactory  we  found  that  this  construction  was  such  as  to  make 
it  difficult  to  enable  us  to  get  good  results,  especially  in  the  fall. 
Also,  we  felt  like  it  was  not  worth  the  cost — generally  8 cents  to  10 
cents  per  square  yard.  Our  present  practice  is  to  finish  the  surface  treat- 
ment by  an  application  of  approximately  35  lbs.  per  square  yard  of  cold 
plant  mix  material.  This  application  fills  the  larger  voids  of  the  surface 
treatment  and  provides  a more  densely  graded  wearing  surface  that 

does  not  wear  tires  so  much  and,  furthermore,  prevents  wear  of  the 
surface  treatment  aggregate.  The  plant  mix  seal  retards  the  weathering 
of  the  bituminous  materials  because  it  does  not  have  the  large  surface  area 
to  weather  as  is  the  case  in  the  very  open  type  wearing  surfaces. 

This  year  most  of  the  spreading  and  finishing  of  the  plant  mix  material 
has  been  done  with  self-propelled  spreading  and  finishing  machines.  Some 
work  has  been  spread  by  dumping  on  the  road  from  the  truck  and  spread- 
ing with  motor  patrols.  Of  course,  the  machine  finishing  is  far  superior 
as  it  leave  a smoother  surface  and  elmiinates  so  much  of  the  segrega- 
tion of  the  mixed  material. 

A large  part  of  the  plant  mix  material  used  this  year  has  been 
obtained  from  commercial  mixing  plants.  Such  mixtures  are  shipped 

by  rail  to  the  project.  Here  our  problem  is  to  use  the  correct  liquefier 
and  the  proper  amount.  As  long  as  the  weather  is  constant,  we  do  not 
have  any  trouble,  but  when  the  weather  changes  our  trouble  begins, 
because  if  we  use  too  much  or  too  heavy  a grade  of  liquefier,  the 

mixture  does  not  set  up  quick  enough  to  prevent  the  material  from 
tracking  under  traffic,  particularly  mule  drawn  wagons.  The  other  dif- 

ficulty is  that  too  much  liquefier,  will  soften  the  bitumen  in  the  surface , 
treatment  and  cause  it  to  roll  or  wave. 

The  specifications  for  the  plant  mix  seal  is  as  follows : 


Passing  % inch  sieve  100% 

Passing  % inch  sieve  85  to  100% 

Passing  No.  4 sieve  20  to  65% 

Passing  No.  10  sieve  20  to  65% 

Passing  No.  40  sieve 5 to  35% 

Passing  No.  200  sieve  0 to  10% 

Bitumen  and  liquefier  5 to  8% 


When  the  mix  is  made  for  shipment  we  use  85  to  100  penetration 
asphalt  and  a liquefier.  Sure  mixes  are  made  with  dried  and  cooled  aggre- 
gate only.  When  the  mix  is  made  on  the  project,  if  we  use  an  asphalt  ] 
plant  we  use  150  to  200  penetration  asphalt  without  the  liquefier.  This 
is  a semi-hot  mix.  If  we  do  not  have  an  asphalt  plant  we  do  not  dry 
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he  aggregate  and  use  an  RC-3,  4,  MC-3,  or  MC-4.  Tar  is  used  in  lieu  of 
Lsphalt  in  all  bituminous  work  on  some  projects.  While  we  have  obtained 
;“Ood  results  with  wet  aggregates  its  success  depends  too  much  on  obtain- 
ng  warm  and  dry  weather  for  the  proper  curing  after  the  material  is 
)laced  on  the  road. 

In  conclusion,  I might  state  the  construction  of  the  pavement  is 
ibout  as  much  an  art  as  that  of  the  base  and  unless  one  has  the  proper 
rained  personnel,  it  is  most  difficult  to  obtain  satisfactory  results. 
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Sand  Bituminous  Low  Cost  Road  Construction 

in  Florida 

By 

JOHN  R.  SLADE 

Assistant  State  Highway  Engineer 
in  Charge  of  Construction 
State  Road  Department  of  Florida 

The  development  of  mixed-in-place  sand  bituminous  road  mix  pave- 
ment in  Florida  was  started  about  nine  years  ago  in  order  to  provide 
a low  cost  type  of  road  surface  for  the  section  of  the  western  part  of 
the  State  bordering  on  the  Gulf  of  Mexico,  where  the  soil  is  of  a sandy 
nature  and  where  lack  of  railroad  facilities  and  local  material  made 
the  cost  of  constructing  a higher  type  pavement  practically  prohibitive. 
However,  during  the  past  few  years  projects  incorporating  this  type 
pavement  have  been  constructed  in  almost  all  sections  of  the  State. 

Results  obtained  in  Florida  in  the  construction  of  this  type  pave- 
ment indicate  that  it  can  be  constructed  with  good  results  on  any  road 
where  the  existing  road  material  is  sand,  or  a mixture  of  sand  and  stone, 
gravel  or  shell,  in  the  proper  proportions  to  form  a dense  mixture.  It 
has  been  found  that  the  presence  of  more  than  about  10  per  cent  of 
clay,  loam,  silt  or  organic  matter  tends  to  cause  the  material  to  ball 
up  when  mixing  with  the  bituminous  material,  thus  preventing  a uni- 
form mix.  A road,  to  be  suitable  for  the  construction  of  this  type  pave- 
ment, must  be  adequately  drained.  A well  drained  subgrade  is,  of  course, 
essential  to  any  type  pavement,  but  it  is  even  more  essential  for  the 
sand-bituminous  road  mix. 

Sand-bituminous  road  mix  as  constructed  in  Florida  is  a bitumi- 
nous mixture  composed  of  the  existing  road  material  mixed  thoroughly 
with  asphaltic  oil,  coal  tar  or  petroleum  tar,  in  which  all  mixing  is  done 
mechanically  on  the  road. 

The  first  step  taken  when  this  type  pavement  is  to  be  constructed 
on  a project,  after  adequate  drainage  has  been  provided,  is  to  make  a 
survey  of  the  existing  road  material  by  taking  representative  samples 
from  the  surface  to  a depth  of  about  10  inches.  The  samples  are  then 
analyzed  for  percentage  of  clay,  loam,  silt  and  organic  matter;  a sieve 
analysis  is  made  to  determine  gradation,  and  tests  are  made  to  deter- 
mine the  stability  of  the  material.  As  has  been  stated  before,  the  presence 
of  more  than  about  10  per  cent  of  clay,  loam,  silt  or  organic  matter  is  | 
objectionable  and  should  be  remedied  by  either  adding  enough  suitable 
material  so  that  the  resultant  blend  will  be  satisfactory,  or  by  removing 
the  unsuitable  material  and  backfilling  with  suitable  material.  The  grada- 
tion of  the  material  is  not  so  important  except  insofar  as  it  affects  the  I 
stability ; however,  a well-graded  coarse  sand  is  preferable.  The  finer  the  j 
sand  in  size  the  more  bituminous  material  will  be  required  due  to  the 


greater  surface  area  of  the  finer  material.  If  material  can  be  obtained 
locally  and  at  low  cost,  it  is  sometimes  more  economical  to  add  coarse  ma- 
terial to  the  finer  existing  material  than  to  use  the  extra  bituminous 
material  required  for  the  finer  material  by  itself.  However,  except  for 
economy,  the  addition  of  material  to  correct  faulty  gradation  is  seldom 
justified.  In  order  to  secure  a satisfactory  surface  of  this  type,  it  is 
extremely  important  that  the  existing  road  material  be  fairly  stable.  From 
results  obtained  in  Florida  it  has  been  determined  that  the  existing  road 
material  should  have  a bearing  value  of  not  less  than  25  pounds  per  square 
inch.  This  bearing  value  is  determined  by  our  Testing  Division  by  means 
of  a machine  which  they  have  devised  and  which  is  patterned  after  the 
U.  S.  Bureau  of  Public  Roads  sub-soil  bearing  value  machine,  and  which 
consists  of  a metal  cup  3 inches  deep  and  3 inches  in  diameter,  in  which 
material  to  be  tested  is  placed  and  subjected  to  a pressure  of  1200  pounds; 
then  a circular  disc  equivalent  to  one  square  inch  in  area  is  placed  on 
the  surface  of  the  material  and  through  a lever  system  a constantly  in- 
creasing load  is  applied  until  the  pressure  on  the  bearing  plate  upsets  the 
stability  of  the  material  and  the  plate  goes  down  into  the  material.  The 
load  at  failure  is  recorded  as  the  bearing  value.  The  material  before  being 
tested  is  oven  dryed ; all  lumps  broken  up,  and  to  600  grams  of  the  dried 
material  is  added  10.5  cc.  of  water  which  is  well  mixed  into  the  material. 
In  case  the  bearing  value  of  the  existing  road  material  is  found,  by 
the  above  tes;t,  to  be  less  than  25  pounds  per  square  inch,  a stabilizing 
material  should  be  added  to  bring  the  resultant  blend  up  to  a bearing 
value  of  25  pounds  per  square  inch  or  more. 

The  State  Road  Department  of  Florida  has  experimented  with  sev- 
eral grades  of  asphaltic  oil  and  tar  and  has  secured  the  best  results 
from  material  meeting  the  following  specifications : 

1.  Asphaltic  Oil  (Cut-back  Asphalt) 

This  material  shall  consist  of  an  asphaltic  cement  base  cut  back  with 
naphtha. 

The  asphaltic  cement  base  shall  be  homogeneous,  free  from  water, 
and  shall  not  foam  when  heated  to  347°  F.  blown  or  oxidized  asphalt 
will  not  be  accepted.  It  shall  meet  the  following  requirements: 

(1)  Penetration  at  77°  F.,  100  g.,  5 secs. — Minimum  85,  Maximum 

100. 

(2)  Flash  Point,  Open  Cup,  Degrees  F. — Minimum  347°. 

(3)  Loss  325.4°  F.,  50  g.,  5 hurs. — Maximum  1%. 

(4)  Ductility  at  77°  F.,  cms. — Minimum  100. 

(5)  Bitumen  Soluble  in  CS2 — Minimum  99.5%. 

(6)  Bitumen  Soluble  in  CC14 — Minimum  99%. 

(7)  Residue  Penetration  at  77°  F.— 100  g.— 5 Secs, 

Per  cent  of  original — Minimum  60. 

The  cut  back  asphalt  shall  conform  to  the  following  requirements: 

(1)  Viscosity,  Furol,  at  122°  F.— Minimum  70  to  Maximum  140. 

(2)  Distillation  A.A.S.H.O.  T-78,  with  the  following  exceptions: 
Distillation  shall  be  stopped  at  680°  F.,  and  the  entire  residue 
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shall  be  immediately  poured  into  standard  penetration  con 
tainers  and  allowed  to  cool  for  further  tests. 

Water  (per  cent  by  volume) — 0 to  1. 

Distillate  (per  cent  by  volume) 

To  302°  F. — Minimum  0 to  Maximum  5. 

To  437°  F. — Minimum  20  to  Maximum  30. 

To  600°  F. — Minimum  26  to  Maximum  38. 

To  680°  F.— Maximum  38. 

(3)  Tests  on  residue  from  above  distillation: 

Penetration  at  77°  F.,  100  g, — 5 secs. — 85  to  100. 

Solubility  in  CS2  (per  cent)- — 99.5. 

Ductility  at  77°  F.,  cms. — 60. 

2.  Coal  Tar. 

The  tar  shall  be  homogeneous  and  shall  consist  of  a heavy  coal  tar 
base,  containing  pitch  oil,  which  is  fluxed  to  the  specified  viscosity  with 
water  gas  tar  or  distillates  thereof,  or  light  coal  tar  distillates.  The1 
volume  of  pitch  oil  shall  be  from  3 to  15  per  cent  of  the  volume  of  coal 
tar  base,  as  directed  by  the  Engineer.  The  tar  shall  also  conform  to  the' 
following  requirements : 

(1)  Engler  Specific  Viscosity  at  140°  F. — Minimum  12 — Maximum 
32  (shall  not  vary  more  than  3 points  plus  or  minus  from  specific 
viscosity  designated  by  the  Engineer). 

(2)  Per  cent  of  water — Maximum  1%. 

(3)  Total  Distillate  by  wt.  to  338°  F. — Minimum  0 — Maximum  2. 

(4)  Total  Distillate  by  wt.  to  455°  F. — Minimum  0 — Maximum  12. 

(5)  Total  Distillate  by  wt.  to  518°  F. — Minimum  0 — Maximum  18. 

(6)  Total  Distillate  by  wt.  to  572°  F. — Maximum  30. 

(7)  Bitumen  per  cent  soluble  in  CS2 — Minimum  88%. 

3.  Petroleum  Tar. 

The  tar  shall  be  homogeneous  and  shall  consist  of  not  less  than  60 
per  cent  of  refined  petroleum  tar  base,  fluxed  to  the  specified  viscosity 
with  a tar  material  (liquid  at  60°  F.).  It  shall  have  the  characteristics 
of  tar  and  when  combined  in  proper  proportion  with  road  material  from 
the  proposed  sand-bituminous  road  mix  project,  and  air  cured,  the  mix- 
ture shall  show  a tendency  to  set  within  6 hours,  have  a firm  set  in  4 
days  and  hard  set  in  7 days.  It  shall  also  conform  to  the  following 
requirements : 

(1)  Engler  Specific  Viscosity  at  158°  F. — Minimum  22 — Maximum 
32  (shall  not  vary  more  than  3 points  plus  or  minus  from  spe- 
cific viscosity  designated  by  the  Engineer). 

(2)  Per  cent  of  Water — Maximum  1%. 

(3)  Total  Distillate  by  wt.  to  338°  F. — Minimum  0 — Maximum  5. 

(4)  Total  Distillate  by  wt.  to  572°  F. — Minimum  15 — Maximum  40. 

(5)  Bitumen  per  cent  soluble  in  CS2 — Minimum  88%. 

(6)  Specific  Gravity — Minimum  at  77°/77°  F.  -1.10. 

The  above  specifications  for  asphaltic  oil  (cut  back  asphalt)  are 
varied  slightly  when  conditions  warrant  by  changing  the  asphaltic  content 
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and  per  cent  of  naphtha  and  the  consistency  of  the  base  asphalt.  In- 
stances have  been  encountered  where  the  percentage  of  clay,  loam,  silt,  etc., 
was  a little  high  and  it  was  not  practical  to  lower  this  percentage,  in 
which  instances  the  penetration  of  the  base  asphalt  was  changed  to  be 
100  to  140  instead  of  85  to  100,  giving  a softer  grade  of  material  and 
one  which  mixed  more  readily  without  balling  up.  However,  it  is  best 
to  hold  to  the  85  to  100  penetration  for  the  base  asphalt  unless  such 
cases  are  encountered. 


The  major  items  of  equipment  forming  a unit  for  construction  of 
this  type  pavement  are : 

(1)  One  pressure  distributor,  or  trailer  tanks  with  trailer  type  dis- 
tributor. The  trailer  type  is  preferable. 

(2)  Not  less  than  one  grader  with  12-foot  blade,  and  not  less  than 
than  12-inch  rims.  Maximum  weight  of  grader  7,500  pounds. 

(3)  Three  disc  harrows— 22-inch  disc  of  an  approved  type  for  proper 
mixing. 

(4)  One  3-furrow  gang  plow — 14-inch  bottoms,  capable  of  plowing 
to  a depth  of  10  inches. 

(5)  One  3-section  spring  tooth  harrow  with  alfalfa  teeth. 

(6)  Sufficient  tractors  of  the  proper  size  and  horsepower  to  handle 
the  equipment  used. 

(7)  One  retread  mixing  machine  of  an  approved  type. 

(8)  One  4-  to  6-ton  tandem  roller. 

(9)  If  the  temperature  is  fairly  low  at  time  of  mixing,  an  approved 
heater  for  heating  the  blade  of  the  grader  is  sometimes  nec- 
essary. 


The  construction  of  this  type  pavement  should  at  all  times  be  under 
the  direct  supervision  of  someone  who  has  had  experience  on  work  of  a 
similar  nature  with  the  same  type  bituminous  material. 


The  method  of  construction  used  by  the  State  Road  Department  of 
Florida  in  constructing  a sand-bituminous  road  mix  pavement  with  a 
finished  thickness  of  6 inches,  is  as  follows : 

The  existing  road  material  is  plowed  to  a depth  of  10  inches  and  to 
a width  of  2 feet  outside  the  proposed  edge  of  the  finished  pavement. 
The  subgrade  is  then  dragged  with  the  spring  tooth  harrow  and  all  roots 
and  foreign  matter  removed  as  far  as  practicable.  All  stones  or  pieces  of 
rock  that  will  not  pass  a 2-inch  ring  are  removed  to  a depth  of  10  inches 
and  for  a width  of  2 feet  outside  the  edge  of  the  proposed  finished 
pavement.  The  road  material  is  then  machined  with  the  12-foot  grader 
until  a uniform  grade  and  cross  section  is  obtained. 


The  amount  of  bituminous  material  required  varies  with  the  character 
and  gradation  of  the  material  with  which  it  is  to  be  mixed.  1 his  type 
of  mix  follows  the  theory  of  all  asphalt  mixtures  in  vliuli  tin  quantity  or 
bituminous  material  shall  be  sufficient  to  entirely  coat  each  particle  o, 
the  mineral  aggregate,  and  a slight  excess  to  till  \<>ids.  am  1)10(U(( 
durability.  The  method  of  determining  the  quantity  of  bituminous  ma- 
terial required  is  a combination  laboratory  investigation  and  tria  mix 
on  the  job.  After  the  road  material  has  been  sampled  and  analyzed  for 
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quality  and  gradation  in  the  laboratory,  small  batches  are  made  up  and 
from  the  results  of  this  study  the  approximate  quantity  of  bituminous 
material  necessary  for  good  results  is  determined.  Just  enough  bituminous 
material  should  be  applied  so  that  after  thorough  mixing  the  resultant 
mixture  will  be  homogeneous  and  will  have  a black,  glossy  appearance. 

After  the  existing  road  material  has  been  cleaned  and  shaped,  and 
any  unsuitable  material  has  been  replaced  with  suitable  material,  or 
enough  suitable  material  has  been  added  to  remedy  any  defects  in  the 
existing  material,  the  bituminous  material  is  applied  by  means  of  a 
mechanical  pressure  distributor  equipped  with  spray  bars  capable  of 
spraying  the  entire  width  of  the  proposed  pavement.  A pressure  varying 
between  20  and  75  pounds  per  square  inch  is  maintained  on  the  distributor. 
If  coal  tar  or  petroleum  tar  is  being  used,  the  temperature  of  the  material 
is  held  above  90°  F.  while  being  applied.  If  cut  back  asphalt  is  being 
used,  it  is  preferable  that  it  be  applied  at  air  temperature.  If  heating 
is  necessary  for  proper  distribution,  the  temperature  of  the  material  is 
not  allowed  to  exceed  120°  F.  The  bituminous  material  is  only  applied  when 
the  existing  road  material  is  comparatively  dry.  No  bituminous  material 
is  applied  when  the  air  temperature  is,  less  than  60°  F.  in  the  shade. 

Each  application  of  the  bituminous  material  consists  of  approximately 
0.35  gallon  per  square  yard.  Mixing  is  done  with  the  disc  harrows,  the 
3-furrow  gang  plow  and  the  12-foot  grader.  Each  application  of  bitumi- 
nous material  is  followed  by  continuous  mixing  with  the  harrows.  After 
approximately  2 gallons  of  bituminous  material  per  square  yard  has  been 
applied,  the  entire  width  of  the  pavement  is  plowed  with  the  gang  plow 
to  obtain  uniform  depth  and  mixing  with  the  harrows  is  continued. 
Material  in  place  is  then  windrowed  to  a depth  of  3 inches  with  the 
12-foot  grader,  from  center  to  outside  edges  of  pavement.  After  windrow- 
ing, application  of  bituminous  material  is  continued  for  the  full  width 

of  the  pavement  and  the  material  is  mixed  with  the  harrows  and  rolled 
from  side  to  side  with  the  12-foot  grader  until  a homogeneous  mixture 
of  the  required  richness  and  depth  has  been  obtained. 

Material  that  has  been  windrowed  outside  of  edges  is  then  pulled 

in  and  spread  with  the  12-foot  grader  to  a uniform  surface.  After  material 

has  been  spread  the  edges  and  quarters  are  plowed  to  obtain  uniform 
depth. 

Application  of  bituminous  material  is  then  continued  until  a black, 

glossy  surface  has  been  obtained.  In  mixing  the  upper  3 inches,  which 
is  to  be  the  wearing  surface,  harrows  are  used  and  during  the  last  3 or  4 
applications  of  bituminous  material  the  mixing  machine  is  used  continu- 
ously set  to  cut  from  2V2  to  3 inches.  In  conjunction  with  the  mixing 
machine,  the  3-section  spring  tooth  harrow  is  used  to  further  perfect  the 
mix.  After  a sufficient  quantity  of  bituminous  material  has  been  applied, 
mixing  is  continued  until  the  materials  are  thoroughly  mixed. 

After  mixing  is  completed  the  surface  is  bladed  to  the  desired  grade 
and  cross  section  with  the  12-foot  grader,  and  all  irregularities  in  the 
surface  corrected,  properly  mixed  material  being  added  if  required. 

All  of  the  above  described  operations  are  done  as  soon  as  possible 
after  application  of  the  bituminous  material  is  started  on  a section  of 
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road,  in  order  that  mixing  can  be  completed  before  too  much  of  the 
Inaphtha  or  other  fluxing  material  is  lost  by  volatilization. 

After  the  pavement  has  partially  set,  it  is  rolled  with  the  4-  to  6-ton 
tandem  roller  equipped  with  scrapers  and  oil  sacks  on  the  wheels  to 
prevent  picking  up  of  the  material.  This  initial  rolling  is  done  longi- 
tudinally, beginning  at  the  edges  and  proceeding  toward  the  center. 
After  the  pavement  has  set  several  days  more,  but  before  it  has  set  hard 
enough  to  prevent  rolling  out  irregularities  and  tractor  and  other  marks, 
final  rolling  is  done  both  longitudinally  and  diagonally  until  a uniform 
compaction  and  smoothness  has  been  obtained,  and  all  tractor  and  other 
marks  are  eliminated. 

If  coal  tar  is  used,  after  final  rolling  is  completed,  and  about  one 
month  after  mixing  operations  are  completed,  the  finished  surface  is 
treated  with  a seal  coat  of  0.2  gallon  per  square  yard  of  coal  tar  of  the 
same  quality  as  used  in  the  mix,  and  covered  lightly  with  sand  to  pre- 
vent picking  up  by  traffic. 

If  petroleum  tar  is  used,  a seal  coat  is  applied  as  above  described, 
except  that  the  material  used  for  the  seal  coat  is  0.25  to  0.35  gallon 
per  square  yard  of  cut  back  asphalt.  If  considered  necessary,  this  seal 
treatment  using  cut  back  asphalt  may  be  applied  where  the  material 
used  in  the  mix  was  cut  back  asphalt.  However,  a seal  coat  is  not  gen- 
erally required  where  cut  back  asphalt  is  used  in  the  mix. 

After  rolling  has  been  completed,  the  edges  of  the  pavement  are 
trimmed  to  a straight  line.  Suitable  material  cut  from  the  edges  is  used 
in  constructing  driveways,  turnouts,  and  so  forth. 

Traffic  is  not  allowed  to  use  the  pavement  until  it  has  set  hard 
enough  to  eliminate  rutting  and  cracking. 

The  materials  and  construction  methods  discussed  in  the  foregoing 
are  those  which  have  been  used  to  date  in  the  construction  of  this  type 
pavement  in  the  State  of  Florida. 

We  have  made  investigations  relative  to  the  use  of  a flux,  powdered 
hard  asphalt  and  asphaltic  cement  as  a bituminous  material  for  use  in 
this  type  pavement,  and  in  the  future  expect  to  use  this  as  an  alternate 
to  the  three  other  materials,  the  specifications  for  which  are  given  in 
the  foregoing.  The  specifications  for  the  flux,  powdered  hard  asphalt 
and  asphaltic  cement  which  we  intend  to  use  are  as  follows : 

The  flux  oil  shall  conform  to  the  following  requirements: 

(1)  It  must  be  homogeneous  and  free  from  water. 

(2)  Specific  gravity  at  77°/77°  F.,  not  less  than  0.97. 

(3)  Viscosity,  Furol,  at  122°  F.,  600  to  800  seconds. 

(4)  Loss  on  heat,  5 hrs.,  50  grams,  at  325°  F.,  not  more  than  5</c . 

(5)  It  must  be  capable  of  complete  amalgamation  with  the  hard 
asphalt. 

The  hard  asphalt  shall  conform  to  the  following  requirements: 

(1)  Penetration  at  77°  F.,  100  G.— 5 seconds— maximum  3. 

(2)  Penetration  at  115°  F.,  100  G.— 5 seconds— maximum  8. 
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(3)  Bitumen  Soluble  in  CS2 — minimum  99%. 

(4)  Bitumen  Soluble  in  CC14 — minimum  95%. 

(5)  Softening  point,  R & B,  Degree  F — minimum  200. 

(6)  It  shall  be  reduced  to  powder  in  an  impact  mill,  and  as  used, 
not  less  than  50%  shall  pass  an  80-mesh  sieve  and  95%  shall 
pass  a 20-mesh  sieve. 

The  hard  asphalt  when  combined  with  the  flux  oil  in  a proportion 
between  50%  and  70%  of  flux  at  a temperature  of  325°  F.,  shall  pro- 
duce an  asphaltic  cement  of  150  penetration  at  77°  F.,  and  in  the  manu- 
facture of  the  pavement  they  shall  be  mixed  in  such  proportion  as  will 
produce,  when  completely  amalgamated,  an  asphaltic  cement  of  the  pene- 
tration required  by  the  Engineer  and  conforming  to  the  following 
requirements : 

(1)  Specific  Gravity  at  77°  F. — Minimum  1.02. 

(2)  Penetration  at  77°  F.,  100  G.,  5 seconds — Minimum  80 — Maximum 
200.  (The  penetration  shall  not  vary  over  5 points  either  way 
from  the  penetration  designated  by  the  Engineer). 

(3)  Flash  Point,  Open  Cup,  Degrees  F. — Minimum  347. 

(4)  Ductility  at  77°  F.  cms. — Minimum  100. 

(5)  Bitumen  Soluble  in  CC14 — Minimum  95%.. 

(6)  Residue  Penetration  at  77°  F.,  100  G. — 5 secs.,  per  cent  of 
original — Minimum  50. 

We  have  also  made  investigations  relative  to  the  use  of  a traveling 
mixing  plant  in  the  construction  of  this  type  pavement,  and  in  the  future 
will  make  mixing  with  a traveling  mixing  plant  optional  to  mixing  in 
place.  When  a traveling  mixing  plant  is  used,  a distributor  will  not  be 
necessary  except  where  a seal  coat  is  required. 

In  mixing  with  a traveling  mixing  plant,  the  existing  road  material 
is  thrown  up  in  windrows  suitable  for  the  machine  to  pick  up.  The 
windrows  are  sized  and  shaped  to  secure  uniform  feed.  The  plant  must 
travel  at  a uniform  rate  of  speed  and  elevate  the  material  cleanly  without 
gouging  or  otherwise  injuring  the  subgrade.  The  bituminous  material  is  i 
added  in  the  mixing  hopper  in  the  proper  proportions,  except  when  flux 
and  powdered  hard  asphalt  is  used,  in  which  case  the  bituminous  mate- 
rials are  added  to  the  existing  road  material  in  the  pug  mill. 

After  the  material  has  been  mixed  by  the  traveling  mixing  machine, ! 
the  material  is  worked  on  the  road  with  harrows  and  graders  until  the  I 
mixture  has  aerated  and  cured  sufficiently  for  final  finishing  and  com- 
paction to  be  done. 

In  Florida  the  greater  part  of  this  type  pavement  has  been  con- i 
structed  using  cut  back  asphalt  as  the  bituminous  material.  However,  we  { 
have  constructed  a considerable  amount  using  tar  and  have  secured  good ' 
results  from  this  material.  Tar  is  much  slower  setting  up  than  cut  back ! 
asphalt  and  in  using  tar  it  is  better  to  use  a somewhat  lean  mix,  thus 
requiring  considerably  more  harrowing  and  blading  to  secure  a good 
mix.  Also,  if  the  bearing  value  of  the  existing  road  material  is  too  high 
and  tar  is  used,  the  finished  product  has  a tendency  to  crack. 

To  date  we  have  constructed  over  400  miles  of  this  type  pavement ! 
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in  Florida.  The  cost  has  varied  from  a minimum  of  around  40  cents  per 
square  yard  to  a maximum  of  about  one  dollar  per  square  yard,  averaging 
about  65  cents  per  square  yard.  These  costs  are  for  the  surfacing  only 
Sand  do  not  include  any  excavation  costs.  The  variation  in  cost  is  due  to 
the  variation  in  quantity  of  bituminous  material  required  and  amount 
of  mixing  required.  The  quantity  of  bituminous  material  required  has 
Svaried  from  a minimum  of  about  3 gallons  per  square  yard  to  a maximum 
of  about  7 gallons  per  square  yard,  averaging  about  5 gallons  per  square 
jyard,  depending  upon  the  character  and  gradation  of  the  existing  road 
material. 

The  majority  of  this  type  pavement  has  been  constructed  on  secondary 
roads  where  traffic  is  light,  although  we  have  some  on  roads  which 
carry  comparatively  heavy  traffic  and  it  is  standing  up  well;  however, 
it  must  be  remembered  that  this  type  pavement  cannot  be  classed  as  a 
high  type  pavement  and  its  construction  is  recommended  only  where  a 
good  surfaced  road  is  needed  but  where  a low  traffic  density  and  other 
considerations  make  it  impractical  to  construct  a higher  type  pavement. 
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Developments  in  the  Construction  of  Bituminous 
Surface  Courses  in  Wisconsin 
By 

A.  T.  BLECK 
Construction  Engineer 
State  Highway  Commission  of  Wisconsin 


Early  in  1937  the  policy  had  been 
established  that  there  would  be  no  dusty 
roads  on  the  state  trunk  highway  system 
in  Wisconsin.  While  the  state  had  a large 
mileage  of  both  Portland  Cement  concrete 
and  bituminous  surfaced  roads,  there  was 
a considerable  mileage  on  the  state  trunk 
highway  system  which  still  had  received 
no  dustproofing  treatment.  On  most  of 
these  roads  there  was  a varying  amount 
of  gravel  or  crushed  stone  and  on  some 
of  them  there  was  no  road  metal  at  all, 
particularly  in  the  more  sandy  regions 
of  the  state.  As  it  was  impossible  to  give 
all  of  these  roads  an  adequate  surface 
course  of  gravel  or  crushed  stone,  it  be- 
came necessary  in  quite  a few  instances 
to  treat  the  material  as  found  on  the 
existing  surface  with  a dustproofing  me- 
dium. On  most  of  these  roads,  therefore,  a treatment  was  given  using  a 
slow  curing  oil,  most  of  which  was  required  to  show  a negative  spot  test. 
By  the  end  of  the  summer  all  of  the  highways  in  Wisconsin  had  received 
such  a treatment  so  that  there  were  no  dusty  roads  on  the  state  trunk 
highway  system  in  Wisconsin.  This  policy  was  extended  to  the  detours 
around  construction  jobs  and  in  the  setup  for  the  construction  project 
arrangements  were  made  for  the  financing  of  the  oiling  of  the  detours. 

On  any  construction  work  where  gravel  or  crushed  stone  is  contem- 
plated, as  soon  as  such  surfacing  is  placed,  if  the  weather  is  still  season- 
able, the  same  is  given  an  application  of  oil  to  dustproof  it  and  to  conserve 
the  surface.  A light  mat  only  is  provided  to  accomplish  the  above  and 
further  mat  construction  is  deferred  for  a year  or  so,  so  that  the  grade 
can  obtain  settlement  and  weak  places  in  the  grade  can  be  strengthened 
as  well  as  to  provide  an  opportunity  for  observation  of  subgrade  condi- 
tions which  were  not  apparent  during  the  time  the  grading  operations 
were  being  done  so  that  these  can  be  corrected  prioi  to  the  construction 
of  the  final  surface  course. 

In  the  matter  of  subgrade  correction,  Wisconsin  being  a state  which 
has  been  glaciated  over  most  of  its  area,  making  soils  difi(  u ntials  quite 
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prevalent,  more  and  more  attention  is  being  paid  to  the  recognition  or 
location  of  such  soils  differentials  during  the  time  of  the  original  sur- 
vey and  during  the  time  grading  operations  are  in  progress,  and  pro- 
visions are  made  to  take  measures  either  in  the  original  plans  or  as 
extra  work  to  correct  conditions  where  subgrade  failures  might  occur. 
Most  of  the  work  done  in  this  regard  consists  of  the  removal  of 
the  offending  soils  and  the  backfillings  of  the  places  thus  exca- 
vated with  suitable  materials.  In  quite  a number  of  instances  also  the 
releasing  of  so-called  perched  water  tables  by  cutting  through  the  dikes 
of  impervious  soils  existent  in  pervious  soils  will  create  a stable  condition  in 
the  subgrade.  In  a number  of  instances  also,  sand  lifts  about  12  inches  in 
depth  over  existing  grades  have  proved  effective  in  the  elimination  of  bad 
subgrade  conditions. 

In  new  construction  work  a stable  base  about  4 to  6 inches  in  com- 
pacted depth,  depending  upon  the  type  of  highway,  is  attempted  to  be  de- 
veloped using  aggregates  that  fall  within  a band  or  range  as  shown  in  a 
previous  volume  of  the  proceedings  of  the  Montana  Bituminous  Conference, 
and  a similar  gradation  is  set  up  for  the  bituminous  mat  placed  on  this 
base  using  a slow  curing  oil  binder.  The  mat  is  constructed  by  road 
mix  methods  using  blade  graders  and  equipment  of  a similar  nature.  The 
percentage  of  bitumen  is  determined  by  formula ; however,  in  quite  a num- 
ber of  instances  it  is  necessary  to  modify  the  percentage  thus  determined  by 
visual  inspection  of  the  appearance  of  the  mix.  Studies  are  being  made  on 
aggregate  gradation  on  complete  road  mix  jobs  as  Well  as  the  bitumen  con- 
tent on  these  mixes  in  an  effort  to  determine  the  degree  of  uniformity  of 
gradation  and  dispersion  of  bitumen  in  mixes  placed  by  the  road  mix 
method.  At  the  present  time,  however,  these  studies  have  not  been  carried 
far  enough  along  for  us  to  be  able  to  draw  a definite  conclusion. 

A few  plant  mix  jobs  using  stationary  plants  with  dryers  and  weight 
proportionment  of  materials  have  also  been  constructed  in  the  state  during 
the  past  two  years.  In  most  of  these  plant  mix  jobs,  however,  tar  is  used 
for  a binder.  Based  on  experience  gained  on  one  job  last  year  where 
aggregates  were  used  in  which  a percentage  of  the  maximum  size  was 
retained  on  a 1"  sieve,  the  department  has  this  year  reduced  the  maximum 
size  so  that  all  of  the  material  will  pass  a 1"  sieve.  The  difficulty  expe- 
rienced using  the  larger  size  aggregates  and  placing  the  mat  with  a self- 
propelled  spreading  and  finishing  machine  was  that  some  segregation  took 
place  causing  more  or  less  stony  pockets  in  which  a uniform  amount  of 
compaction  could  not  readily  be  obtained  under  rolling,  causing  some 
slight  uneveness  in  the  surface.  By  reducing  the  maximum  size,  this  diffi- 
culty has  been  to  a large  extent  eliminated.  The  gradation  has  now  been 
set  up  as  follows : 


Retained  1"  sieve  0% 

Retained  %"  sieve  - -----  10-20% 

Retained  No.  4 sieve  - 35-55% 

Retained  No.  30  sieve  65-80% 

Passing  No.  200  sieve  - - 0-10% 


These  graduations  are  the  master  ranges  and  are  the  maximum  and 
minimum  for  all  cases.  The  contractor  is  required  to  set  up  a closer  con- 
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M i*ol  appropriate  to  the  job  materials  and  in  several  instances  he  has  set 
|up  a control  as  being  the  midpoint  between  the  master  ranges  given 
and  so  far  the  experiences  indicate  that  he  can  control  the  gradations 
within  a small  percentage  one  way  or  the  other  of  the  middle  of  the 
(range.  The  plant  provides  for  two-bin  separation  of  the  aggregates  which 
are  separated  on  the  No.  4 sieve  and  are  stored  in  separate  compartments 
and  recombined  by  weight  in  the  proper  proportions  in  the  mixer.  The 
bitumen  content  thus  far  has  been  between  4 and  4*4%  by  weight.  Ex- 
traction tests  indicate  that  these  percentages  and  gradations  are  kept 
within  very  close  cognizance  in  the  finished  product. 

In  the  matter  of  controlling  densities  in  rolling  of  the  mat,  density 
determinations  are  made  in  the  laboratory  using  samples  of  the  aggregate 
[as  produced  and  test  samples  are  taken  from  the  finished  mat  and 
density  determinations  made  thereon.  When  laboratory  densities  are  ap- 
proached, it  is  considered  that  the  mat  has  been  rolled  sufficiently  because 
it  is  felt  that  over-rolling  will  cause  checking  or  hair  cracks, 

At  the  present  time  the  specifications  of  contracts  now  in  force  pro- 
vide that  a 3"  mat  is  to  be  placed,  the  same  to  be  placed  in  two  courses, 
but  experience  gained  appears  to  indicate  that  just  as  satisfactory  a sur- 
face can  be  obtained  by  placing  the  same  in  one  course  2 or  2 thick. 
The  original  intent  of  the  two  course  construction  was  to  place  the 
lower  course  as  a leveling  course  to  eliminate  minor  irregularities  in 
the  existing  surface  and  then  still  be  able  to  take  out  more  irregularities 
in  the  upper  course,  thus  providing  a smooth  riding  final  surface.  The 
1 y2"  depth  was  chosen  because  the  maximum  size  of  the  aggregate  was 
thus  providing  a sufficient  thickness  for  the  maximum  size  of  aggre- 
gate. However,  in  placing  these  so-called  leveling  courses,  the  same  have 
been  placed  giving  a good  degree  of  smoothness  and  it  is  therefore 
felt  that  one  course  construction  can  be  adopted  of  a slightly  greater 
thickness  and  the  final  result  accomplished  at  a lower  cost.  In  connec- 
tion with  an  extraction  test,  the  department  is  attempting  to  develop 
a more  rapid  test  for  field  use  and  so  far  the  results  obtained  are  en- 
couraging. A brief  description  of  this  method  follows: 

AN  APPARATUS  FOR  THE  DETERMINATION  OF  PERCENTAGES 
OF  BITUMEN  IN  ROAD  MIXES 

Heretofore,  the  available  instruments  for  determining  percentages  of 
bitumen  have  been  the  Dulin  Rotarex  and  the  hot  extractors  of  the 
New  York  type.  Neither  of  these  instruments  is  suitable  when  electric 
power  is  not  available.  Furthermore  the  first  is  too  heavy  for  transporta- 
tion in  the  field  and  the  second  requires  lengthy  operations  before  re- 
sults are  available;  the  time  required  is  too  long  to  be  suitable  for  plant 
inspection  work. 

In  order  to  make  available  an  instrument  with  which  quick  determina- 
tions could  he  made  consideration  has  been  given  to  instruments  which 
are  based  on  the  principle  that  light  passing  through  a colored  solution 
loses  intensity  in  some  proportion  to  the  strength  of  the  solution.  None 
of  the  instruments  available,  however,  are  readily  suitable  to  1h<  m<asui< 
ment  of  bitumen-solvent  solutions;  besides,  commercial  instruments  are 
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too  expensive  and  delicate  for  field  use.  However,  in  order  to  make  usei 
of  the  principle  in  connection  with  bitumen-solvent  solutions,  an  instru- 
ment consisting  of  the  following  has  been  devised. 

1.  A source  of  light  of  known  intensity  consisting  of  a flash  light*! 
bulb  (Mazda  P.  R.2,  0.5  Amperes,  2.4  Volts)  mounted  in  a parabolic! 
reflector.  The  bulb  is  energized  by  means  of  six  No.  6 dry  cells  connected 
in  series  parallel  to  give  4.5  volts. 

2.  A photronic  cell  which  receives  the  beam  of  light  after  it  passes 
through  the  solution  that  is  being  measured. 

3.  A galvanometer  of  a sensitivity  of  0.15  microamperes  per  milli-  i 
meter. 

4.  Fixed  resistors  of  1000  and  1500  ohms  which  are  in  circuit  with  | 
the  photronic  cell  and  the  galvanometer  for  the  purpose  of  controlling  i 
the  sensitivity  of  the  circuit  and  of  “damping”  the  galvanometer. 

5.  A rheostat  and  a toggle  switch  which  opens  and  closes  the  circuits. ! 

6.  A standard  red  filter  which  is  used  to  protect  the  Photronic  cell 
and  to  check  the  set  up  of  the  instrument. 

7.  Transmission  cells  which  carry  the  solutions  that  are  to  be  meas- 
ured. 

The  apparatus,  except  the  battery  and  galvanometer,  is  enclosed  in  a 
covered  box  containing  one  compartment  for  the  light  circuit  and  another 
for  the  Photronic  cell  and  the  resistors. 

To  get  the  instrument  ready  for  use  in  the  measurement  of  bitumen- 
solvent  solutions,  the  following  procedure  is  followed : 

1.  All  connections  are  made  tight  and  the  wires  connecting  the  va- 
rious parts  of  the  instrument  are  inspected  to  ascertain  that  there  are 
no  “shorts.”  The  bulb  is  inspected  to  ascertain  that  it  is  in  working 
condition. 

2.  The  galvanometer  needle  is  adjusted  to  read  0.0. 

3.  The  standard  filter  is  placed  between  the  source  of  light  and 
the  Photronic  cell.  The  current  switch  is  thrown  on  and  the  amount  of 
light  passing  through  the  filter  is  regulated  by  means  of  the  rheostat 
until  the  galvanometer  reads  approximately  50.0.  If  this  cannot  be  done 
the  bulb  and  the  dry  cells  are  examined  and  replaced  if  necessary. 

After  setting  the  needle  at  50.0,  the  bulb  is  allowed  to  remain  lighted 
for  at  least  five  minutes  but  not  for  more  than  10.  By  readjusting  the 
rheostat  and  with  the  filter  in  position,  the  needle  is  made  to  read  be- 
tween 49.0  and  51.0.  The  exact  reading  is  taken  and  identified  as  RF. 

To  take  a reading  with  a bitumen-solvent  solution  the  filter  is  moved 
forward  and  a transmission  cell  containing  the  solution  is  placed  in  posi- 
tion behind  the  filter.  The  latter  is  then  removed,  the  box  containing 
the  instrument  is  closed,  and  a reading  identified  as  RM  is  taken  on 
the  galvanometer. 

The  filter  is  then  placed  in  position  back  of  the  transmission  cell,  the 
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latter  is  removed,  the  box  is  covered,  and  a check  of  the  value  of  RF  is 
then  made — the  reading  should  not  vary  by  more  than  0.1  millimeter. 

The  reading  R is  then  calculated  by  means  of  the  formula 
R=(RM-RF)  plus  or  minus  cell  correction. 

With  the  value  for  R,  the  percentage  of  bitumen  is  then  read  from 
the  calibration  tables  furnished  with  the  instrument. 

The  following  illustrates  readings  and  method  of  calculation. 

RF  = 49.7 
RM=  51.6 

Cell  correction  = -0.3 
R — (51.6  - 49.7)  -0.3  — +1.6 

The  value  of  1.6  in  the  calibration  table  corresponded  to  a percent- 
age of  bitumen  of  3.9. 


The  calibration  tables  are  prepared  by  extracting  the  bitumen  from 
mixes  containing  known  percentages  of  bitumen.  The  following  is  a 
typical  table. 


R % Bitumen 


6.0 

3.5 

4.9 

3.6 

3.8 

3.7 

2.7 

3.8 

1.6 

3.9 

0.5 

4.0 

In  order  to  obtain  solvent-bitumen  solutions  suitable  for  use  with  the 
instrument  just  described,  extractions  are  made  as  follows: 


Weigh  500  grams  of  the  bituminous  mix  into  a 2 liter  round  bottom 
flask.  Add  150  cubic  centimeters  of  benzol,  swirl  for  a second  or  two 
and  allow  to  stand.  At  the  end  of  5 minutes  swirl  for  one  minute  and 
decant  into  a 250  cc.  graduate  as  much  of  the  extract  as  possible.  Note 
volume  decanted  and  pour  the  extract  into  a large  bottle.  Using  another 
150  cc.  portion  of  benzol  repeat  the  extraction  but  allow  2 minutes  in- 
stead of  5 for  the  period  of  standing,  decant  into  the  2o0  cc.  graduate, 
note  the  volume  and  pour  extract  into  the  large  bottle.  Repeat  until  10 
extractions  are  made.  Add  the  volumes  decanted  and  make  up  to  loOO 
cc.  by  the  addition  of  benzol.  Shake  the  solution  vigorously  and  fill 
a pair  of  centrifuge  tubes.  (The  centrifuge  used  is  of  the  ordinary  Bab- 
cock type).  The  solution  is  centrifuged  until  practically  all  the  sus- 
pended mineral  matter  has  been  thrown  down.  Ihe  length  and  speed  of 
centrifuging  can  be  readily  determined  by  trial. 

By  means  of  a pipette,  transfer  about  7 cc.  of  the  centrifuged  ex- 
tract into  a transmission  cell  and  take  a reading  immediately. 


The  method  of  extraction  and  the  apparatus  herein  described  have 
been  developed  for  use  with  road  mixes  containing  not  over  4.0%  bitumen. 
If  mixes  of  higher  percentages  are  to  be  checked,  the  value  for  the 
factor  RF  can  be  varied  to  suit  the  need,  and  the  method  of  extraction 
can  be  modified  to  suit  the  percentage  and  nature  of  the  bitumen  in 
the  mix. 
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Stabilized  Gravel  Base  and  Bituminous  Surfacing 

in  North  Dakota 

By 

H.  J.  DONOVAN,  Division  Engineer 
North  Dakota  State  Highway  Department 

HISTORY  OF  STABILIZATION  OF  GRAVEL  BASE  ON  FEDERAL  AID 

PROJECT  217  AB  RE 

Using  Blade  Mix  Method  on  First  Course,  and  Traveling  Plant 
Mix  Method  on  Second  Course 

W.  H.  Noel  Company  started  work  on 
?arth  grading  June  12,  1937,  and  finished 
[October  14,  1937.  The  same  contractor 

immediately  started  work  on  the  stabilized 
base. 

The  first  work  done  was  that  of  knock- 
ing down  the  crown  on  the  subgrade.  This 
ad  a 6 inch  crown  on  a 36  foot  top.  The 
tabilized  mat  has  a 2 y2  inch  crown  on  a 
;7  foot  top  with  a 6 inch  stuff  on  each 
ide.  This  meant  knocking  2 inches  off 
he  crown.  The  dirt  obtained  was  to  be 
Lsed  for  the  dirt  shoulders  and  was  wind- 
owed on  the  shoulder.  It  had  to  be  pushed 
lown  the  inslope,  however,  as  the  job  was 
uspended  over  the  winter  months;  on  the 
•oad  the  dirt  would  have  caused  snow 
rouble. 

While  the  subgrade  was  being  prepared,  gravel  hauling  was  started 
n Miles  3 & 4 on  October  18.  Specifications  covering  the  combined  aggre- 
rates  are  as  follows : 

“Gravel  to  be  of  durable  fragments,  mixed  with  a soil  binder,  the 
iombination  of  which  will  give  a P.  I.  on  the  fraction  passing  a No. 
tO  sieve  between  8 and  15.  The  sum  of  the  material  passing  the  No  40 
sieve  and  P.  I.  shall  not  exceeed  50.  The  liquid  limit  ot  the  fraction 
passing  the  No.  40  sieve  shall  not  exceed  the  value  determined  from 
the  formula:  LL  = 1.6  P.  I.  + 14.  The  combined  material  must 

pass  the  following  sieve  analysis : 

Passing  1 inch  square  mesh  sieve  

Passing  % inch  square  mesh  sieve  : _ J 

Passing  % inch  square  mesh  sieve  

Passing  No.  4 sieve  ^ 

Passing  No.  10  sieve  ''  Lf 

Passing  No.  40  sieve  - 


also 
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The  above  specifications  were  complied  with  by  using  a mixture 
of  15%  clay  and  85%  gravel,  using  gravel  from  a pit  located  in  the 
NE!/4  of  Section  36-153-57  and  a mixture  of  22%  clay  and  78%  gravel, 
using  gravel  from  a pit  located  in  the  SWX4  of  Section  11-152-56.  No  diffi- 
culty was  experienced  in  obtaining  materials  that  conformed  to  specifi- 
cations. The  Testing  Laboratory  did  reduce  the  clay  percentage  a trifle 
on  the  ground  that  the  P.  IPs  were  too  high. 

The  combined  aggregate  was  hauled  on  the  road  in  two  equal  courses 
of  application,  each  being  approximately  1275  cubic  yards  per  mile  (1020 
cubic  yards  of  gravel,  255  cubic  yards  of  clay).  The  first  course  was 
hauled  and  laid  dry  in  the  fall  of  1937.  Subgrade  preparation  was  the 
main  difficulty  encountered.  Hauling  had  to  be  stopped  to  permit  the 
blades  to  keep  ahead.  In  hauling,  some  of  the  subgrade  was  cut  by  the 
trucks.  This  was  remedied  by  applying  water  to  the  subgrade  and  packing 
it  with  pneumatic  rollers. 

P.  I.  tests  on  the  first  course  showed  results  between  6.5  and  10.0,  an 
average  of  about  8.5. 

The  first  course  was  laid  dry  because  weather  conditions  did  not 
permit  stabilization.  The  work  was  started  in  the  fall  to  get  a gravel 
surface  for  the  winter  and  spring  traffic,  at  the  same  time  protecting 
the  grade.  The  contract  read  that  the  first  course  had  to  be  laid  to 
section  and  stabilized  if  weather  conditions  permitted.  Work  was  sus- 
pended for  the  winter  months  on  November  2,  1937. 

Work  was  resumed  on  March  29,  1938,  and  the  immediate  problem 
was  to  set  up  the  first  course.  There  was  considerable  float  which  had  to 
be  pounded  into  the  mat.  This  was  accomplished  by  blading  all  the  float 
to  one  side,  wetting  down  the  firm  portion  to  soften  it,  blading  the 
float  back  on,  wetting  some  more,  and  then  packing  the  mat  with  pneu- 
matic rollers.  The  first  course  seemed  now  to  have  a good  compaction; 
tests  showed  densities  between  135-142  lb. /square  foot.  Difficulty  was 
experienced  in  getting  a good  compaction  test  because  of  the  thin  sec- 
tion. Crank  case  drainings  were  used  in  lieu  of  Ottawa  sand  in  obtaining 
compactions. 

The  work  of  hauling  the  second  course  clay  and  gravel  was  started 
April  20,  1938.  This  increment  was  in  the  same  amount  as  the  first  course 
and  in  the  same  proportions.  No  difficulty  was  experienced  in  hauling 
the  materials  or  in  getting  them  to  meet  the  specifications.  The  gravel 
was  hauled  first  and  a portion  of  the  windrow  was  knocked  down  to 
permit  the  placement  of  the  clay  in  the  gravel ; this  was  done  to  prevent 
loss  of  the  clay.  The  combined  material  was  bladed  back  and  forth  to 
insure  proper  dispersion  of  the  clay  throughout  the  gravel,  since  the 
Barber-Greene  traveling  plant  would  not  thoroughly  mix  the  ingredients 
itself. 

The  aggregate  was  then  windrowed  to  a triangular  section  to  facili- 
tate pick-up  by  the  traveling  plant.  To  control  the  amount  of  water  in 
the  mix,  the  gravel  influx  is  changeable  and  the  water  injection  constant. 
The  flow  of  gravel  is  governed  by  a gate  over  the  conveyor  dumping 
into  the  pug  mill.  When  the  mix  emerges  from  the  pug  mill  it  has  the 
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appearance  of  dry  concrete.  Traveling  plants  are  excellent  for  mixing 
stabilized  aggregates  because  they  disperse  the  water  and  do  not  require 
|t  in  as  large  quantities  as  in  the  blade  mix  method  where  the  water  is 
applied  by  distributors. 

The  next  step  was  that  of  laying  the  material  to  section.  After  this 
|nore  water  was  added  and  the  pneumatic  packers  began  to  compact  it. 
||A.  small  amount  of  float  remained  after  the  pneumatic  packing ; this 

I was  pressed  in  to  the  mat  with  a steel  roller. 

A few  spots  were  found  to  have  less  than  the  required  crown,  other 
places  had  more.  They  were  shaping  by  adding  water  and  shaping  with 
pneumatic  and  steel  rollers.  Where  the  crown  was  light,  the  entire  mat 
was  soaked  and  the  shoulders  packed  while  still  wet.  This  forced  the  ma- 
terial in  and  built  up  the  crown.  As  the  material  dried,  the  center  was 
packed  and  the  net  result  was  a well-compacted  mat  with  the  desired 
crown.  Where  the  crown  was  too  great,  this  process  was  reversed ; packing 
was  started  in  the  center  and  gradually  worked  out  as  the  mat  dried. 

P.  I.’s  for  the  second  course  varied  getween  6 and  9.5,  averaging 

about  8.5.  Compaction  for  the  whole  mat  was  found  to  be  135-140  Ibs./square 
foot. 

In  putting  the  dirt  shoulders  on,  it  was  found  that  the  road  was 

a trifle  wide  when  the  original  inslope  line  was  followed.  We  attribute 

this  to  the  fact  that  possibly  the  first  course  was  cut  in  more  than  the 
2 inch  crown  cut.  Pederson  and  myself  were  not  present  at  this  phase 
of  the  work,  so  we  can  not  say  for  sure  that  such  was  the  case.  At  any 
rate  this  was  remedied  by  pushing  dirt  down  the  inslope  to  obain  a 
33  foot  top.  This  made  a secondary  inslope  that  is  correct  in  every  respect. 

All  that  now  remained  to  be  done  was  application  of  a tack  coat. 
The  contract  originally  specified  0.5  gal. /square  yard.  Our  Central  Office 
at  Bismarck  changed  this  to  0.3  gal./sq.  yard  before  the  work  was  started. 
At  first  we  were  worried  about  the  tack  coat  penetrating  the  base.  We 
were  held  up  for  some  time  waiting  for  the  mat  to  dry  for  one  half 
inch  of  its  depth,  required  by  specifications,  before  applying  the  tack. 
Some  difficulty  was  encountered  with  the  tack  coat  picking  up  where 
the  fines  in  the  mat  were  not  firmly  embedded.  The  few  places  where 
this  occurred  were  repaired  by  spot  shooting.  The  shoulders  were  also 
tacked  to  keep  moisture  from  seeping  into  the  stabilized  mat.  In  our 
opinion  this  is  an  excellent  idea.  The  tack  coat  and  mat  broke  up  in 
spots  when  the  traffic  became  heavy.  This  was  repaired  by  patching 
with  oil  mix  material  after  the  oil  mix  contractor  had  moved  on  the 
job.  Traffic  should  have  passed  over  the  stabilized  gravel  during  all 
of  the  construction. 

This  would  have  shown  up  the  weak  spots  and  given  ample  op- 
portunity to  fix  them. 

Project  Summary 


Length  of  project 
Thickness  of  mat  . 
Gravel  used  
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12.619  Miles 

4%  inches 

28.842  Cubic  Yards 


Clay  used  

Water  applied  

Tack-coat  (SC-2  applied) 


6,326  Cubic  Yards 


527.4  M.  Gallons 


76,472  Gallons 


The  original  contract  amount  for  the  stabilized  gravel  surfacing  wa 
$37,194.82.  This  was  decreased  during  the  course  of  the  work  by  $2,590.41 
making  the  final  cost  $34,604.41. 


A stabilized  gravel  job  should  be  open  for  traffic  during  its  entire 
construction.  Traffic  will  discover  and  show  up  any  weak  spots  in  tht 
mat  which  otherwise  would  not  be  found  until  after  the  tack  coat  has 

been  applied  and  the  road  thrown  open  to  traffic.  I believe  it  is  a 

mistake  to  tack  the  stabilized  gravel  too  long  before  the  oil  mat  is 
laid.  In  this  particular  case  the  tack  coat  surface  had  to  stand  too  long 

a period  of  traffic  before  the  bituminous  mat  was  laid  over  it.  This 

was  due  to  weather  conditions  encountered  while  the  oil  mix  was  being 
put  on.  The  tack  coat  surface  will  not  withstand  excessive  abuse  on  the 
part  of  traffic,  thereby  increasing  subgrade  preparation  costs  when  the 
oil  construction  begins. 


GENERAL  DISCUSSION — STABILIZED  GRAVEL  BASE  CONSTRUCTION 


The  need  for  substantial  and  economical  surface  courses  is  recognized 
in  all  of  our  present  highway  planning.  Experimental  attempts  to  ade- 
quately surface  existing  grades  has  for  the  most  part  been  ineffective 
though  they  have  been  beneficial.  This  is  true  partially  because  of  the 
increased  demands  of  the  traffic  carried  and  partially  because  of  the 
experimental  nature  of  the  construction. 

More  work  has  been  done  and  information  gathered  on  surfaces  since 
the  sponsoring  by  the  United  States  Bureau  of  Public  Roads  of  compact- 
ing and  stabilizing  of  roadbeds  and  gravel  surfaces,  than  ever  before. 
Many  very  good  results  have  been  obtained  and  much  reliable  informa- 
tion established.  While  this  work  still  goes  on  it  is  now  almost  universally 
standardized.  The  problem  has  now  become  one  of  balancing  expendi- 
tures against  service  over  a period  of  years  for  every  type  of  highway 
and  traffic. 

The  stabilized  gravel  base  has  been  in  use  long  enough  to  have 
proven  that  it  is  advantageous  either  as  a wearing  course  or  as  a base 
for  later  surfacing.  It  provides  a reliable  all  weather  surface  and  one 
on  which  the  problem  of  losing  surface  material  due  to  traffic  is  mini- 
mized. It  does  have  a maintenance  problem  in  that  it  can  be  successfully 
manipulated  for  repairing  for  only  a short  time  after  rains  have  softened 
the  surface,  and  at  other  times  very  little  work  is  necessary  or  can  be 
done.  This  means  that  unless  special  equipment  is  used  to  moisten  the 
surface  that  under  ordinary  conditions  and  usual  maintenance  forces  a 
very  limited  section  could  be  taken  care  of  in  the  short  time  the  surface 
is  workable  following  rains. 


Summary  of  Opinion 


BLADE  MIX  METHODS 


hat  ever}7  attempted  stabilizing  project  can  be  correlated  with  work 
previously  done  and  results  observed.  From  this  careful  study,  testing  and 
(selecting  of  materials  used  has  become  an  essential  part  of  this  work. 
Here  again  one  must  reach  a balance  of  conditions  involved. 

Experience  has  shown  that  proper  grading  with  the  highest  possible 
resulting  density  is  the  most  desirable  condition  for  materials  used.  At 
the  same  time,  usually,  substantial  construction  can  be  accomplished  using 
Locally  available  materials.  These  do  not  always  approach  the  desired 
grading  and  it  is  only  because  of  the  pliability  of  the  method  of  im- 
provement that  good  results  can  be  obtained  with  material  at  hand. 
jThe  use  of  locally  available  material  aids  materially  toward  economy  and 
this  makes  the  next  consideration — just  how  far  one  may  go  toward 
controlling  materials  before  the  cost  outweighs  the  benefits. 

To  illustrate  the  above  case  consider  the  added  special  provisions  to 
North  Dakota  1938  work,  calling  for  stabilizing  material  pulverized  to 
a fixed  fineness  and  the  percentage  of  material  combined  passing  a 40 
screen  plus  the  P.  I.  of  that  portion  not  to  exceed  50.  The  object  of 
jthe  above  provision  is  obvious  and  there  is  no  question  as  to  their  bene- 
fits. The  effect  upon  contract  unit  prices  is  as  would  be  expected.  From 
this  one  must  note  that  consideration  from  viewpoint  of  cost  and  con- 
struction detail  must  be  coincident  for  good  engineering  of  material  re- 
quirements for  every  improvement  contemplated. 

The  construction  procedure  for  the  average  stabilized  road  has  be- 
come a routine  thing.  Probably  the  most  common  and  economical  is 
the  blade  mix  method.  Care  being  taken  to  prevent  loss  of  soil  binder 
and  excessive  segregation  of  rock  and  picking  up  organic  silt  from  the 
base,  a more  uniform  mixture  is  obtained  than  by  any  other  method. 

Several  types  of  plant  mix  operations  have  been  tried  but  since  patrols 
are  necessary  in  the  final  laying  to  section  and  water  needed  during  this 
operation,  it  appears  that  there  is  an  unneeded  duplication  of  equipment. 
A travelling  plant  working  at  the  same  rate  of  speed  required  to  thorough- 
ly mix  oil  mix  on  the  road  does  not  uniformly  mix  moist  stabilized  ma- 
terial. This  is  because  the  moment  water  strikes  the  material  in  the  pug- 
mill  the  stabilizer  material  tends  to  “ball  up”  and  is  in  the  finished  mix 
in  this  form.  The  result  is  a mix,  parts  of  which  have  too  much  clay 
and  other  parts  containing  none  at  all.  If  travelling  plants  are  to  be 
used,  better  results  could  perhaps  be  obtained  by  mixing  the  materials 
dry  and  applying  water  during  the  laying  operations  of  the  blade.  This 
method  would  allow  dry  materials  to  thoroughly  mix  through  the  full 
length  of  the  pugmill  instead  of  the  water  removing  the  stabilizer  ma- 
terial from  the  mix  in  the  pugmill  before  mixing  can  take  place.  The 
same  can  apply  to  central  stationary  plant  mix. 

In  all  but  the  stationary  plant  method,  the  proportions  of  material 
to  be  used  having  been  arrived  at  by  preliminary7  investigation,  the  ma- 
terial can  be  windrowed  on  the  roadway  either  by  volume  or  weight  in 
these  proportions  and  the  resulting  mixture  checked  for  desired  results 
and  corrections  made  if  desired  or  necessary.  In  this  respect  it  is  well 
to  bear  in  mind  that,  if  the  course  is  to  be  used  for  a wearing  course, 
the  P.  I.  of  the  material  passing  the  40  screen  should  be  higher  than 
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if  oil  is  to  be  applied  at  once  as  high  clay  content  is  detrimental  to 
application  of  oil. 

The  usual  construction  requires  that  the  full  course  be  placed  in  a 
series  of  lifts,  the  depth  of  which  depends  on  the  final  thickness  de- 

sired. That  is,  the  number  of  lifts  for  a desired  final  depth  shall  be 
such  as,  will  give  a convenient  quantity  of  material  to  manipulate  and 
not  make  a thickness  which  is  too  deep  to  compact  well.  This  serves 
another  purpose  in  that  it  prevents  accumulated  spots  of  poor  material 
due  to  variations  at  source. 

Next  in  line  uniform  moisture  distribution  is  essential  to  good  re- 
sults. A wet  and  spongy  portion,  if  worked  until  dry,  will  be  very 

well  compacted  but  will  have  an  open  textured  surface  high  in  clay 
content  and  checked  in  such  a way  that  it  soon  fails.  A dry  spot  will 
break  up  at  once  for  it  has  no  compaction  or  binding  quality  to  hold 
it  in  place.  Excessive  water  used  to  finish  the  surface  produces  a mortar 
film  high  in  clay  content  which  is  slippery  and  ruts  easily  after  rains 
and  which  glosses  too  highly  when  dry. 

An  application  of  enough  water  to  soften  the  surface  upon  which  ma- 
terial is  to  be  laid  is  absolutely  necessary.  If  this  is  not  done  a bond 

between  the  two  is  not  established  and  the  resulting  plane  of  separation 

soon  causes  the  top  to  break  up  under  loading.  This  should  be  done 
prior  to  applying  water  to  material  in  the  windrow.  This  is  done  by  any 
form  of  distributor  available.  In  applying  water  to  the  windrow  about 
% gallon  per  square  yard,  if  area  of  a layer  is  about  %"  deep,  works 
well.  A guide  to  proper  moisture  is  appearance  of  dark  spots  in  ma- 
terials covering  each  application.  When  this,  has  been  done  the  material 
is  moved  enough  to  mix  the  moisture  uniformly  and  to  lay  to  desired 
section.  Excessive  blading  is  to  be  avoided  as  it  brings  rock  to  the  surface, 
causing  undesirable  float  on  the  finished  surface. 

Utilizing  moisture  of  rains  when  previously  dry  mixed  material  is  in 
the  windrow  helps  for  economy  and  is  to  be  encouraged  unless  working 
forces  are  needed  in  maintaining  work  already  completed.  When  laying 
is  done  this  way  the  windrow  must  be  moved  enough  to  remove  exces- 
sively wet  spots  and  open  up  the  dry  area  below  the  windrow  so  proper 
application  of  water  may  be  made  on  this  surface.  In  several  cases  the  lines 
of  failure  correspond  to  the  line  of  the  windrow  showing  that  proper 
care  of  this  detail  was  not  observed. 

No  set  rules  can  be  made  as  to  rolling  procedure  other  than  that 
it  should  be  slow,  straight  and  from  the  outside  toward  the  center  of 
the  section.  An  intelligent  operator  for  this  work  can  observe  his  progress 
and  do  much  toward  a well  finished  surface.  He  should  be  available  at 
all  times  so  as  to  work  with  the  patrolmen  while  laying  is  in  progress 
and  roll  as  necessary  after  rains.  Both  steel  and  pneumatic  types  should 
be  available. 

The  mat  can  be  more  thoroughly  compacted  by  carrying  traffic 
over  portions  laid  to  section.  This  will  show  up  any  defects  so  that  they 
may  be  repaired  before  they  are  covered  or  involve  extensive  repair 
work.  There  is  no  object  in  pampering  a project  for  appearance  only.  The 
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tiniG  to  abuse  it  is  during  construction ; after  that  load  limits  have  a 
■purpose.  It  might  be  well  to  give  a base  at  least  six  months  usage  before 
covering  it  with  any  surface  thus  allowing  for  curing  and  exposure  of 
^weaknesses. 

The  type  of  section  used  should  be  either  trenched  or  with  thickened 
edge.  While  no  beam  action  is  expected  in  this  surface  the  weakest 

I portion  and  point  of  failure  is  usually  the  edge  so  it  should  be  strengthened 
as  much  as  possible.  Feathered  edges  serve  no  roadway  purpose  but  to 
hold  adjacent  material.  Much  material  is  lost  over  the  shoulders  due  to 
traffic  with  this  type  of  section. 

(When  bituminous,  surface  is  to  follow  the  base  course,  provision  should 
be  made  for  the  edge  of  full  thickness  of  base  to  be  well  beyond  the 
line  of  the  edge  of  the  bituminous  mat. 

The  crown  of  roadway  should  be  well  established  and  should  never 
|be  below  the  common  standard  of  % inch  per  foot  as  the  combined 
action  of  water  and  fast  traffic  is  one  of  the  severest  abuses  put  to  a 
road  and  crowning  up  to  the  point  where  it  is  noticeable  to  the  driver 
of  vehicles  should  be  allowed  to  prevent  this  condition. 

If  shoulders  are  to  be  stabilized  it  must  be  expected  that  they  will 
be  used  and  they  should  be  made  heavy  enough  to  stand  ordinary 
traffic  and  constructed  accordingly.  Special  care  must  be  taken  at  any 
Ipoint  changing  mat  thickness  from  shoulder  to  mat  for  traffic  is  in- 
I discriminate  in  its  use  of  roadway  surfaces. 

Because  of  the  newness  of  this  work,  prices  have  been  high.  If  the 
method  and  usage  is  to  continue  it  must  be  made  less  expensive.  If  it 
is  not  the  items  of  clay  stabilizer  and  water  which  add  nothing  to  the 
iroad  but  the  means  of  initial  shaping  and  compacting  will  have  to  give 
way  to  some  low  grade  bitumen  which  will  not  only  serve  the  same 
purpose  but  add  moisture  seal  as  well. 

STATIONARY  PLANT  MIX  BITUMINOUS  CONSTRUCTION  METHODS 

USE  OF  SC-7 

Assuming  that  we  have  a stabilized  base  for  an  oil  mix  surface, 
‘we  find  that  it  may  present  any  number  of  different  aspects  when  appli- 
cation of  prime  or  tackcoat  is  started.  In  some  cases  this  has  been 

applied  previously  and  has  been  used  as  a wearing  surface.  This  work 
1 having  been  done  with  the  base  course.  Ordinarily  this  is  not  as  success- 
ful as  it  might  be  as  the  base  has  not  had  a chance  to  dry  and  harden. 

In  the  case  where  the  tackcoat  has  been  previously  applied  and  used 

for  any  length  of  time  as  a wearing  surface,  it  will  usually  be  defective. 
There  are  sometimes  small  checks  and  cracks  extending  into  the  base. 

These  may  be  remedied  by  a light  application  of  bitumen  to  seal  the 
| openings.  If  the  original  application  was  made  the  base  surface  was 
glossy  or  high  in  clay  or  cold  or  wet,  there  will  be  a film  of  asphalt 
on  the  surface  and  no  penetration.  This  film  tends  to  peel  off  and  further 
application  cannot  remedy  this  as  it  will  not  penetrate  the  layer  of  asphalt. 

I When  this  condition  exists  there  are  usually  holes  in  the  base  material 
| due  to  action  of  water  and  traffic.  These,  if  not  too  deep  or  frequent, 
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can  best  be  filled  with  premixed  oil  material.  If  this  is  too  involved 
the  only  alternative  is  to  waste  the  tackcoat,  reshape  the  surface  and 
apply  a new  coat. 

If  the  base  has  not  been  previously  treated  with  oil,  it  may  have  a 
very  dense  and  hard  surface  in  which  case  it  is  usually  somewhat  ir- 
regular as  to  section  because  it  is  difficult  to  maintain  this  type  of  sec- 
tion. This  is  true  because  it  takes  a great  deal  of  water  to  soften  the 
surface  enough  to  shape  it.  It  is  ordinarily  better  in  this  case  to  correct 
the  irregularities  with  oil  mix  than  to  disrupt  a substantial  base.  If  this 
is  done  provision  for  extra  material  should  be  made  and  the  tackcoat 
applied  to  the  base  as  found.  Especially  is  this  true  if  a thin  surface 
mat  is  to  be  used;  otherwise,  it  is  impossible  to  secure  a good  finished 
product  as  the  mat  tends  to  follow  every  fault  of  the  base  it  is  laid 
upon. 

With  a dense  surface  as  above  an  application  of  SC-2  oil  can  not 

be  very  heavy  or  it  will  pool.  Very  little  penetration  can  be  expected  and 
extended  time  on  pooled  oil  does  not  seem  to  help  this  condition.  The 
maximum  penetration  can  be  expected  and  extended  time  on  pooled  oil 
does  not  seem  to  help  this  condition.  The  maximum  penetration  seems 
to  be  obtained  with  the  initial  application.  If  the  tackcoat  is  to  be  used 
as  a wearing  surface  an  MC  oil  is  advantageous  in  that  any  excess 
oil  not  absorbed  will  be  dried,  soon  forming  a layer  of  asphalt  for  the 
wearing  surface  similar  to  a sealcoat  layer.  AVhile  with  an  SC  oil,  the 

time  required  for  this  is  so  much  longer  that  the  oil  is  usually  carried 
away  by  traffic  before  this  film  forms. 

With  softer  and  recently  constructed  bases  careful  inspection  for 
signs  of  breaking  should  be  made  before  tackcoat  is  applied.  Quite  often 
openings  will  develop  from  the  weight  of  the  distributor.  If  this  condi- 
tion exists  it  should  be  remedied  by  further  compaction  before  oil  is 

applied,  or  oil  applied  to  and  mixed  with  the  loose  material  until  it  will 

be  tied  down  securely.  If  this  is  not  done,  moisture  eventually  gets  below 

the  tackcoat  causing  soft  spots  high  in  moisture  which  finally  extend 
from  bottom  to  top  of  the  roadway  surface  and  to  seal  this  moisture 
up  with  oil  cannot  and  should  not  be  done  as  it  will  always  break  down. 

When  the  base  is  thoroughly  compacted,  an  application  of  SC  oil  up 
to  the  point  where  pooling  starts,  usually  much  higher  than  for  the 
denser  mats  and  about  % gallon  per  square  yard  gives  good  results. 
It  is  well  to  apply  all  that  the  base  will  absorb  for  it  helps  tie  it 

together  and  seal  off  moisture.  Usually  the  best  temperature  of  applica- 
tion is  near  the  top  of  the  allowable  range,  for  the  oil  is  then  at  its  most 
liquid  state  and  more  easily  absorbed.  This  effort  is  useless  if  the  surface 
to  be  coated  is  cool  or  damp  for  the  loss  of  heat  is  so  rapid  that  an 
impenetrable  film  of  asphalt  forms  at  once  and  a tendency  for  this 
to  “peel”  off  later  is  the  result.  The  specification  of  a minimum  air 

and  surface  temperature  of  at  least  50  degrees  F.  is  lenient  and  for  good 
results  should  be  closely  observed. 

Applying  oil  over  bases  with  moisture  in  the  interior  results  in 
spongy  spots  from  which  traffic  removes  the  tackcoat  and  with  it  a 
thin  layer  of  moist  base  material.  In  such  cases  the  moisture  must 
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eventually  get  out  and  will  cause  failure  if  oil  is  previously  applied  so 
observance  of  such  portions  should  he  made  before  applying  the  oil. 

tackcoat  to  dusty  surfaces  will  result  in  formation  of  oil 
globules  surrounded  by  dust  particles.  These  will  be  picked  up  and  car- 
ried away  by  traffic  leaving  the  original  dusty  surface  open.  Succeeding 
applications  will  continue  to  do  the  same  until  all  dust  is  removed  so 
any  dusty  surface  may  as  well  be  cleaned  before  initial  application. 

All  free  tackcoat  oil  must  be  adequately  blotted  before  oil  mix  is 
placed  as  the  mix  usually  has  sufficient  oil  and  has  an  affinity  for  free 

oil  which  causes  an  oil  spot  in  the  mat  and  an  unstable  condition  which 

will  bleed  excessive  oil  and  have  to  be  removed. 

With  the  use  of  SC-7  bitumen  for  mix  oil  in  a standard  stationary 
plant,  extra  provisions  for  heating  the  oil  were  made  in  most  cases. 
A steam  jacketed  pipe  line  or  preheater  to  the  weighing  bucket  was 
provided  and  an  ample  return  circulating  circuit  installed  to  prevent  any 
accumulated  asphalt  due  to  cooling  in  the  operation  from  storage  tank. 
The  temperature  at  which  the  oil  was  added  in  the  pugmill  was  held  in 
the  range  of  225  to  250  degrees  Fahrenheit  giving  very  good  mixing  re- 
sults. It  flows  well  and  is  taken  up  by  the  aggregates  very  well  at  this 

range  and  no  loss  in  the  properties  of  the  oil  was  noticed.  Every  pre- 

caution must  be  taken  to  keep  the  tank  cars  and  storage  free  of  im- 
purities and  moisture  or  foaming  of  the  oil  at  these  temperatures  will 
become  a problem. 

Very  uniform  results  have  been  obtained  with  a 20  foot  dryer,  30 
foot  elevator  and  3000  lbs.  pugmill  using  a 2400  pound  batch  and  mixing 
time  of  thirty  seconds.  For  any  appreciable  amount  of  work  the  plant 
units  should  not  be  smaller  than  this,  for  while  they  are  not  essential 
to  obtaining  proper  temperatures  they  do  provide  ample  time  for  moisture 
to  escape  and  temperatures  and  mixing  to  be  more  uniform. 

Using  a clean,  dense,  hard  aggregate  in  proportions  of  about  30 
per  cent  retained  on  a quarter  inch  screen  and  70  per  cent  passing  and 
with  5 to  6 per  cent  of  filler,  material  passing  200  mesh  screen  gave 
us  a very  densely  graded  mix  which  tests  show  to  be  from  118  to  120 
pounds  per  cubic  foot.  The  screen  analysis  being  based  on  actual  dry 
batches  weighed  through  the  plant. 

With  the  above  mix  2.9  to  4.0  per  cent  of  SC-7  bitumen  was  added. 
With  less  clean  material  or  softer  constituents  corresponding  increase 
in  this  would  be  needed.  The  mix  was  dropped  from  the  pugmill  at 
about  200  degrees  Fahrenheit  and  gave  a good  appearance.  Moisture  es- 
caping from  the  mix  can  often  be  observed  when  it  condenses  on  a cold 
batch  thermometer  placed  in  the  mix.  When  this  is  excessive  and  the 
temperature  of  the  mix  drops,  a large  number  of  white  uncoated  rock 
are  seen  in  the  mix  which  indicates  that  the  temperatures  should  not  be 
lower  or  plant  units  any  smaller  or  sufficient  opportunity  for  mixing 
and  drying  will  not  be  available. 

The  finished  mix  with  all  conditions  in  the  desired  range  was  on  an 
average  dark  grey  in  appearance  with  all  rocks  well  coated  and  glossy 
black.  This  tends  to  brown  out  slightly  after  being  windrowed.  Clay  in 
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the  gravel  or  excessive  filler  and  moisture  in  the  aggregates  dulls  the 
general  appearance  and  causes  uncoated  rocks. 

Upon  being  laid  the  mix  takes  on  an  early  gloss  but  is  very  soft- 
and  is  easily  torn  up  by  traffic,  brake  action  or  other  severe  abuse. 
While  the  mat  is  not  considered  as  having  strength,  surface  density  vary-' 
ing  in  degree  from  maximum  at  the  top  to  lesser  degree  toward  the 
bottom  is  apparently  developed  and  excessive  loading  at  an  early  age 
usually  causes  many  ruts  and  in  some  cases  slight  checking  in  the  denser 
top  surface.  This  is  more  apt  to  happen  where  a very  hard  base  and  thin 
mat  tend  to  cause  a creeping  action  of  the  mat.  There  is  a tendency 
toward  general  roughness  and  pitting  due  to  the  slow  curing  nature 
of  the  bitumen.  This  might  also  account  for  checking  and  cracking  in 
aged  material  since  the  asphalt  content  is  such  as  might  result  in  brittle- 
ness at  certain  stages.  This  condition  is  indicated  and  results  as  de- 
scribed when  batches  are  heated  above  250°  F.  to  300°  F.  If  the  mix  is 
produced  in  the  normal  ranges  set  up  it  will  harden  with  age  and  many 
of  the  irregularities  disappear. 

Excessive  filler,  over  7%,  while  not  causing  a prominent  change  in 
appearance  of  the  mix  usually  is  to  be  avoided  as  it  results  in  a poor 
surface  with  small  and  numerous  surface  checks.  Likewise  a deficiency 
of  fines  in  the  grading  causes  excessive  pitting,  a poor  surface  and  loss 
of  metal  in  the  surface.  Deficiency  in  oil  gives  somewhat  the  same  result: 
and  also  a brown  color.  Burned  batches  being  a light  grey,  having  a slacked 
appearance.  I have  not  seen  this  mix  with  so  much  oil  as  to  result  in 
bleeding  and  believe  it  would  take  a good  deal  of  oil  to  be  detrimental. 
From  this  it  seems  much  better  to  operate  on  the  high  side  of  amount 
of  bitumen  added  than  to  have  deficiencies  due  to  operating  variances 
show  up. 

SEAL  GOAT  APPLICATION 
EC-2  and  EC-3 

Allowing  a period  of  three  weeks  or  more  for  curing  and  settlement  J 
and  the  appearance  of  defects  should  produce  a surface  suitable  to  seal. 
For  a smooth,  even  and  close  textured  surface  RC-2  bitumen  serves  well 
as  a sealcoat,  It  is  best  heated  to  the  upper  limits  of  its  allowable  range 
or  150°  F.  when  its  liquid  condition  gives  very  good  coverage.  Proper 
distributor  nozzles,  pressure  and  control  are  necessary.  With  nozzles  giving 
a fine  spray  without  heavy  edge  streaks  and  application  made  at  the 
rate  of  % gallon  per  square  yard  a good  paint  coat  which  will  hold  a 
fair  amount  of  sealcoat  sand  is  obtained.  It  is  not  heavy  enough  to  hold 
chips. 

If  the  surface  of  the  mat  is  pitted  or  checked,  RC-3  bitumen  gives 
a heavier  and  stronger  layer  of  asphalt  and  is  to  be  recommended  for  such 
cases.  Difficulty  with  end  laps  is  experienced  with  this  oil,  and  shutoff 
should  be  made  as  soon  as  the  nozzles  start  to  flicker  giving  a distinct 
and  even  end.  Jacketed  circulating  distributor  bars  help  in  the  use  of 
this  oil  for  instant  nozzle  starting  is  needed  and  difficult  to  get  with 
this  oil.  Temperature  of  application  as  for  RC-2  must  be  in  the  upper 
range  of  about  175°  F.  for  this  oil  and  for  the  reasons  given  for  RC-2  oil. 
Proper  precaution  of  open  flames  must  be  observed  at  this  temperature. 
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This  oil  tends  to  bleed  more  than  RC-2  oil,  so  excessive  oil  is  to  be 
guarded  against  and  laps  made  as  neatly  as  possible. 

With  mat  containing  SC-7  oil  there  is  a tendency  for  any  oil  to  soften 
and  gloss  the  surface.  Lubricating  oil  drops  from  vehicles  take  on  a 
high  luster  and  this  would  indicate  that  almost  any  type  of  oil  could 
be  used  to  shape,  maintain  or  seal  such  a mat.  Because  of  the  softening 
effect  mentioned  more  care  must  be  shown  while  sealing  this  type  of 
mat  than  others  for  any  vehicle  allowed  on  the  sealcoat  will  pick  up 
not  only  the  sealcoat  but  a small  part  of  the  mat  as  well.  This  is  more 
true  with  RC-3  oil  than  RC-2  as  the  consistency  and  stickiness  of  the 
oil  is  also  a factor  causing  this  until  such  time  as  the  oil  has  set  or 
been  blotted. 

The  value  of  sealcoat  aggregates  for  more  than  blotting  is  now  ac- 
cepted and  indicated  by  increasingly  rigid  grading  requirements.  The  spe- 
cial provisions  now  in  use  requiring  100  per  cent  passing  the  quarter  inch 
screen  and  at  least  80  per  cent  retained  on  the  number  10  and  containing  no 
organic  matter  or  excessive  clay  works  well  with  either  RC-2  or  RC-3  oil. 
More  rigid  requirements  than  these  should  not  be  made  however  for  this 
material  is  difficult  to  produce  from  the  average  local  pit  and  anything 
more  rigid  would  result  in  unreasonable  prices. 

Sealcoat  aggregate  should  be  fairly  dry  when  applied  and  should  be 
placed  almost  immediately  after  the  oil  or  before  the  oil  has  acquired  a 
surface  film.  If  this  is  done  each  particle  will  pick  up  enough  oil  to 

bond  it  to  the  surface  and  blot  the  oil  in  this  way.  If  the  aggregate  is 
wet  this  coating  cannot  take  place  and  uniform  distribution  is  hard  to 

get  resulting  in  very  little  adhering,  and  traffic  soon  whips  the  surface 

to  a very  high  black  polish.  Slow  traffic  should  be  put  over  the  sanded 

portions  as  soon  as  possible  and  manipulation  of  sand  over  the  surface 
until  no  wet  oily  spots  are  visible  and  any  other  means  of  permanently 
placing  the  sand  on  the  surface  should  be  encouraged.  This  adds  white- 
ness and  wearing  quality  to  the  surface  of  benefit  to  traffic  at  night 
and  when  surface  conditions  are  slippery.  Rock  chips  have  been  found 
very  satisfactory  in  blotting  RC-3  oil  and  producing  a surface  of  strong 
high  metal  character.  The  grading  of  those  used  on  a test  section  was 
100  per  cent  passing  % inch  screen,  20  per  cent  to  40  per  cent  passing 
% inch  screen  and  zero  to  10  per  cent  passing  a number  8 screen.  It  is 
desirable  to  have  as  much  fracture  material  as  possible  but  we  found 

this  quite  low  from  local  pit  production  methods. 

Like  sealcoat  sand  these  chips  were  applied  immediately  after  an 
application  of  RC-3  oil  in  amount  slightly  over  a quarter  of  a gallon 
per  square  yard.  This  gave  an  opportunity  to  set  down  in  the  oil  while 
still  liquid.  As  soon  as  placed  these  were  rolled  with  a 5 ton  pneumatic 
roller  which  tended  to  carry  stones  from  the  surface,  but  a steel  roller 
not  being  available  it  was  necessary  to  use  it.  Much  better  results  would 
probably  have  been  obtained  with  a pavement  roller.  The  rolling  as  done 
placed  them  in  a good  position  and  set  them  firmly  in  place,  however, 
although  not  imbedding  them  in  mat  material. 

As  traffic  dislodged  material  over  the  surface  it  was  broomed  uni- 
formly and  rolled  at  intervals  during  a twenty-four  hour  period.  In  the 
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end  sufficient  material  tied  strongly  to  the  surface  to  blot  the  oil  and 
carry  the  surface  load  on  the  aggregate,  thus  protecting  the  sealcoat 
proper.  The  surface  resulting  should  be  much  lighter  than  the  usual  oiled 
top  is  under  artificial  lights  because  of  the  amount  of  aggregates  on  the 
surface.  If  it  were  not  for  the  difficulty  in  producing  this  type  of  material 
from  local  sources,  it  should  he  used.  However,  from  the  average  local 
pit  the  cost  of  production  would  result  in  prices  beyond  reasonable  ex- 
pectation of  benefits. 

BITUMINOUS  SURFACING  ON  FEDERAL  AID  PROJECT  217  AB  RE. 

Using  Traveling  Plant  Type  Mix 

Megarry  Brothers,  of  St.  Cloud,  Minnesota,  were  awarded  the  contract 
for  bituminous  surfacing.  They  were  prepared  to  begin  work  as  soon 
as  W.  H.  Noel  Company  completed  the  stabilized  gravel  surfacing,  and 
moved  on  to  the  project  on  June  3,  1938. 

The  hauling  of  gravel  aggregate  was  started  on  June  4 and  completed 
on  June  16.  Eleven  hundred  tons  of  combined  aggregates  per  mile  were 
hauled  on  the  project.  The  combined  aggregates  consisted  of  92%  pit 
run  gravel  and  8%  filler  (200  mesh  material).  This  combination  was 
derived  from  a sieve  analysis  of  both  the  gravel  and  the  filler.  There  was 
little  variance  from  these  percentages  to  obtain  an  average  of  7.5%  of 
200  mesh  material  on  the  entire  project.  It  was  deemed  advisable  to  keep 
this  latter  prcentage  fairly  high  as  there  was  a loss  of  the  fines  through 
excessive  blading  of  the  windrow  for  drying  purposes.  Some  dusting 
was  also  encountered  as  the  material  passed  through  the  traveling  plant. 

The  filler  used  contained  an  average  of  70%  of  material  passing  200 
mesh.  The  percentage  of  the  same  material  in  the  gravel  was  approximately 
2%.  From  the  laboratory  analysis  of  the  gravel  used,  it  was  found  that 
the  shale  content  was  5.2%  and  that  the  percentage  of  clay  and  colloids 
was  8.8%. 

The  material  specifications  which  governed  this  project  are : 

“The  fraction  of  pit  run  aggregate  passing  a ten  mesh  sieve  shall 
not  contain  more  than  15%  of  clay  colloids.  The  natural  soil  filler 
shall  not  contain  more  than  20%  clay  and  colloids  and  40%  of  the  filler 
shall  pass  a 200  mesh  sieve.  The  analysis  of  the  combined  aggregate  shall 


fall  in  the  following  range : 

Passing  % inch  square  mesh  sieve  100% 

Passing  *4  inch  square  mesh  sieve  50-  75% 

Passing  No.  10  sieve  35-  65% 

Passing  No.  200  sieve  5-  14% 


No  difficulty  was  encountered  in  obtaining  the  proper  gradation.  The 
pit  consisted  of  veins  of  coarse  and  fine  gravel  and  by  working  these 
veins  of  material,  the  +V4  inch  material  was  kept  at  a 30  to  35%  average. 

Two  samples  of  the  combined  aggregate  per  mile  were  obtained 
from  the  windrow  and  screened.  The  data  obtained  was  used  in  making 
curve  sheets.  The  percentage  of  200  mesh  material  for  the  entire  project 
was  between  5 and  7.5%.  The  percentage  of  material  retained  on  the 
% inch  sieve  was  between  25%  and  33%. 
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Hopper  bottom,  trucks  and  end  dump  trucks  were  used  for  hauling 
gravel.  A spreader  box  which  spread  the  gravel  to  an  8 foot  width 
and  a depth  of  approximately  6 inches  was  attached  to  each  truck  as  it 
dumped.  The  purpose  of  this  spreader  box  was  to  even  up  the  windrow 
and  also  to  leave  a thin  layer  upon  which  the  filler  could  be  dumped  and 
spread,  using  a spreader  box  of  6 feet  in  width.  This  arrangement  was 
not  very  successful,  as  the  filler  trucks  had  difficulty  in  pulling  over 
the  gravel  layer.  Rain  occurred  before  much  of  the  filler  was  placed  on 
the  road.  Consequently,  the  gravel,  previously  hauled,  was  windrowed 
and  then  spread  in  a thin  layer,  as  required  for  the  spreading  of  the 
filler.  All  material  was  weighed  on  tested  scales. 

The  traveling  plant  used  was  a Barber-Greene.  The  percentage  of 
oil  in  the  mix  was  controlled  by  a gate  opening  which  varied  the  aggre- 
gate feed.  The  rate  of  oil  pumped  into  the  pugmill  was  kept  constant 
by  means  of  a gear  governed  pump.  The  above  mentioned  gate  opening 
controlled  the  rate  by  which  the  aggregate  was  fed  into  the  pugmill. 

Mixing  with  the  traveling  plant  was  started  June  20  and  completed 
July  25.  Difficulty  was  encountered  at  the  start,  as  no  one  seemed  to 
De  able  to  judge  the  amount  of  bitumen  necessary  to  complete  the  mix. 
This  was  due  to  the  fact  that  the  bitumen  used  was  a heavier  asphalt 
(SC-7)  than  any  which  had  previously  been  used  in  road  mixing.  There 
was  a large  percentage  of  uncoated  particles  which  caused  the  windrow 
to  look  very  brown,  notwithstanding  the  fact  that  more  bitumen  was  added 
than  would  have  seemed  necessary  had  a hot  mix  been  used.  4.5%  bitumen 
was  used  in  the  first  4%  miles  mixed.  This  percentage  was  later  cut 
down  to  4%,  as  the  mix  obtained  by  this  latter  percentage  appeared  to 
be  sufficient  in  asphaltic  content. 

A great  deal  of  inclement  weather  was  met  with  during  the  con- 
struction period.  Had  the  windrow  of  aggregate  been  below  the  2%  of 
moisture  content  required,  the  entire  project  could  have  been  mixed  in 
seven  days.  The  speed  of  the  machine  varied  btween  7.5  and  9 feet 
per  minute.  At  this  rate,  one  mile  required  approximately  10  hours  of 
mixing  time.  In  order  to  dry  the  windrow  to  a moisture  content  of  less 
than  2%,  blading  was  necessary,  causing  a loss  of  material  which  was 
impossible  to  recover  with  the  blade. 

Thirty  five  calendar  days  elapsed  from  the  time  actual  mixing  began 
until  the  mixing  was  completed.  This  excess  time  loss  was  due  to  rain 
and  the  consequent  waiting  for  the  windrow  to  dry  out.  The  use  of  a 
motor  patrol  to  aid  and  hasten  the  drying  of  the  aggregate  represented 
a large  loss  to  the  contractor,  since  it  had  not  been  included  in  his 
contract  price.  For  this  reason  future  bids  on  this  type  of  work  will 
oe  raised  to  compensate  for  probable  adverse  weather  conditions. 

Brooming  was  necessary  to  clean  the  tack  coat  surface.  1 his  was  ac- 
complished by  using  two  men  with  hand  brooms  who  swept  the  loose 
material  into  the  windrow  ahead  of  the  traveling  plant,  lhe  two  men 
easily  kept  up  with  the  machine.  The  Barber-Greene  could  not  pick 
the  material  up  from  the  base  and  leave  a clean  surface.  It  was  at  first 
thought  that  by  blading  and  rolling  the  mixed  windrow  across  the  base 
that  these  fines  would  be  incorporated  into  the  mix.  Such  was  not  the 
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case ; instead  the  fines  were  spread  in  a very  thin  film  across  the  entire 
base  and  thereby  hindered  the  bond  between  the  tack  coat  surface  and 
the  mixed  material.  These  fines  could  not  be  broomed  off  as  they  filled 
the  cracks  and  minute  depressions  in  the  surface.  To  remedy  this  condi- 
tion and  enhance  the  bonding  surface,  a fog  of  tack  coat  bitumen  had 
to  be  shot  previous  to  laying.  It  was  found  that  where  this  fogging  had 
not  been  applied  a slight  failure  of  the  oil  mat  occurred,  caused  by  a 
movement  of  the  mat  on  the  base  surface. 

The  bitumen  was  heated  at  the  train  siding  and  was  taken  out  of 
the  tank  cars  at  approximately  290  degrees  F.  The  oil  was  hauled  to 
the  plant  by  means  of  uninsulated  distributors  of  1200  gallon  capacity. 
A large  heat  loss  resulted  in  getting  the  oil  to  the  road  and  into  the 
storage  tank  of  the  Barber-Greene,  which  had  a capacity  of  700  gal.  For  this 
reason,  to  keep  the  temperature  of  the  oil  entering  the  pugmill  between 
250  degrees  and  275  degrees,  the  burners  on  the  Barber-Greene  had  to 
be  operating  constantly.  Better  results  in  mixing  seemed  to  be  accomp- 
lished at  the  above  temperatures  than  at  lower  temperatures  of  the  oil. 
Hot  weather  also  aided  the  coating  of  a larger  percentage  of  the  aggre- 
gate and  gave  better  results  for  mixing  than  cooler  weather.  The  dif- 
ference in  temperatures  between  the  dry  aggregate  entering  the  plant  and 
the  mixed  material  issuing  forth  was  about  20  degrees. 

The  moisture  content  of  the  material  dropped  about  0.5%  in  the 
mixing  process  so  that  difficulty  was  encountered  in  drying  the  mixed 
material  to  the  less  than  1%  moisture  content  required  for  laying. 

Due  to  the  heavy  asphaltic  content  of  the  bitumen,  the  mixed  ma- 
terial could  not  be  maintained  while  laying.  Traffic  ruts  were  almost  im- 
possible to  remove  after  the  initial  packing  had  taken  place.  This  ap- 
parent primary  set  was  also  partly  the  cause  of  a large  amount  of  uncoated 
float  which  was  thrown  to  the  shoulder  by  traffic.  This  float,  composed 
of  uncoated  and  partially  coated  % inch  + particles,  could  not  be  packed 
into  the  mat. 

The  quantity  of  material  used,  1100  tons  of  combined  aggregates  per 
mile,  gave  a mat  thickness  of  1%  inches  and  a top  width  of  22  feet  with 
a 6 inch  sluff  on  both  sides.  The  crown  required  was  0.17  feet  or  2 inches. 
A pea  gravel  shoulder  was  placed  on  each  side  of  the  mat  for  a width  of 
5 feet.  Sufficient  clay,  11%,  was  added  for  compaction  of  the  gravel 
shoulders. 

The  seal  coat  bitumen  to  be  used  was  RC-2  oil.  This  was  placed  on 
the  mat  in  two  seals,  the  first  being  0.15  gal./square  yard,  the  second  0.30 
gal./square  yard  of  mat  surface.  The  seal  coat  sand  specifications  re- 
quired that  100%  of  the  material  pass  the  *4  inch  square  mesh  screen 
and  not  less  than  80%  be  retained  on  a 10  mesh  screen.  A great  deal  of 
difficulty  was  met  with  in  trying  to  screen  out  the  fines  during  the 
process  of  manufacture.  Consequently,  the  seal  sand  was  shipped  to  the 
project  by  rail  and  consisted  of  washed  material.  186  tons  of  seal  sand 
to  the  mile  was  applied  in  two  increments,  one  of  60  tons  to  the  mile 
on  the  first  seal,  and  one  of  126  tons  to  the  mile  with  the  second  seal. 
The  intention  of  the  two  seal  coat  applications  was  to  strengthen  the 
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weaknesses  that  may  develop  in  the  thin  mat.  The  first  application  was 
designed  as  a penetration  and  sealing  coat,  the  second  was  to  give  added 
thickness  to  stand  up  under  traffic  wear.  The  contract  originally  provided 
for  a seal  of  0.25  gal./square  yard  with  101  tons  of  sand  to  the  mile. 
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Liquid  Bituminous  Mix  Using  a Traveling  Plant 

By 

H.  G.  GROVES 
Bituminous  Engineer 
Yale  Oil  Corporation 
Billings,  Montana 


During  this  past  season,  the  North 
Dakota  State  Highway  Department  has  let 
to  contract  several  liquid  bituminous  mix 
projects,  permitting  the  successful  bidder 
to  use  stationary  plant,  traveling  plant,  or 
blade  mix  methods.  The  liquid  bituminous 
material  specified  was  a very  heavy  grade 
and  a good  many  contractors  elected  to  do 
this  work  with  various  types  of  traveling 
plants.  It  is  my  intention  to  describe  the 
type  of  materials  used,  methods  of  con- 
struction and  contract  costs  on  one  par- 
ticular project  using  a traveling  plant. 

This  project  is  located  in  the  northeast- 
ern part  of  the  State  of  North  Dakota  on 
U.  S.  Highway  No.  2 and  is  12.619  miles 
in  length  and  is  known  as  Federal  Aid 
Project  217  AB  (Reopened)  in  Grand  Forks 
County. 

The  grade  was  built  during  the  1937  construction  season  and  one 
course  of  stabilized  gravel  completed.  Early  in  1938  the  second  course 
of  stabilized  gravel  was  completed.  The  gravel  base  was  of  the  trench 
method  type  of  construction  four  inches  thick  when  compacted  and  twenty- 
seven  feet  wide  on  top  with  a six-inch  taper  on  each  side. 

The  contract  for  the  stabilized  gravel  included  a prime  coat  of  SC-2 
which  was  applied  this  last  spring  at  the  rate  of  three  tenths  (.3)  gallon 
per  square  yard  for  a width  of  twenty-eight  feet. 


After  the  prime  coat  of  SC-2  had  completely  penetrated  gravel  was 
hauled  and  placed  in  a windrow  at  the  rate  of  1012  tons  per  mile.  This 
gravel  was  placed  by  a spreader  box  operated  behind  end  dump  trucks 
in  order  to  obtain  a uniform  quantity  of  gravel  per  station. 

A typical  grading  of  the  gravel  material  used  is  as  follows : 


Sieve 

% Passin; 

% 

100 

% 

64.7 

No.  10 

33.5 

No.  28 

18.1 
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No. 

48 

7.1 

No. 

80 

3.6 

No. 

100 

2.3 

No. 

200 

1.3 

The  filler  or  200-mesh  material  was  added  to  this  gravel,  at  the  rate 
of  88  tons  per  mile,  by  means  of  a spreader  box. 

A typical  grading  of  the  filler  used  is  as  follows: 


Sieve 

% Passing 

% 

100 

No.  10 

99.5 

No.  28 

98.8 

No.  48 

97.1 

No.  80 

93.5 

No.  100 

90.3 

No.  200 

78.6 

After  the  filler  was  added  a motor  patrol  placed  the  materials  in  a 
triangular  shaped  windrow  in  order  that  it  might  all  be  picked  up  by 
the  traveling  plant. 

This  windrow  of  gravel  and  filler  was  manipulated,  when  necessary, 
by  a duck  foot  cultivator  and  blades  until  the  surface  moisture  was  less 
than  two  per  cent  by  weight  and  again  placed  in  a triangular  shaped 
windrow. 

The  specifications  of  the  mixture  of  gravel  and  filler  are  as  follows : 


Passing  a %"  square  mesh  sieve  100% 

Passing  a *4"  square  mesh  sieve  50-  75% 

Pasing  a No.  10  square  mesh  sieve  35-  65% 

Passing  a No.  200  square  mesh  sieve  5-  14% 


After  the  moisture  content  was  below  the  two  per  cent  as  required 
by  the  specifications,  it  was  ready  for  the  traveling  plant  and  the  addi- 
tion of  the  liquid  bituminous  material. 

The  specifications  of  the  liquid  bituminous  materials  used  for  the 
prime  and  mix  are  as  follows : 

Prime  SC-2  Mix  SC-7 


Water  0.5-  0.5- 

Flash,  Cleveland  Open  Cup  200+  250+ 

Viscosity,  Saybolt  Furol  @ 122°  F 100-200 

Viscosity,  Saybolt  Furol  @ 140°  F 600-  1000 

Loss  on  heating  50  grs.,  5 hrs.,  @ 325°  F 9-  4- 

Residue  of  100  penetration  @ 77°  F.  60+  75+ 

Ductility  of  100  penetration  residue  100+  100+ 

Solubility  in  CCL  ... .. 99+  99.5+ 


The  traveling  plant  used  on  this  particular  project  was  a Barber- 
Greer.e  built  for  use  with  heavy  liquid  bituminous  materials.  This  was 
the  first  time  a plant  of  this  kind  had  been  used  to  mix  such  a heavy 
liquid  bituminous  material  in  this  State  or  any  of  the  surrounding  States 
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and  consequently,  there  was  considerable  discussion  pro  and  con  whether 
or  not  satisfactory  results  could  be  obtained. 

The  bituminous  material  was  shipped  in  insulated  tank  cars  and  ar- 
rived at  its  destination  at  temperatures  varying  from  90°  F.  to  160°  F. 
Upon  arrival  on  the  project  additional  heat  was  applied  to  the  SC-7  until 
it  reached  a temperature  between  275°  F.  and  325°  F.  after  which  it 
was  pumped  into  transport  tanks  and  hauled  to  the  traveling  plant  on 
the  road.  This  traveling  plant  had  storage  tanks  into  which  the  SC-7 
was  transferred  and  additional  heat  applied  when  necessary. 

It  was  found  to  be  advisable  to  keep  the  temperature  of  the  SC-7 
between  275°  F.  and  300°  F.  at  the  time  it  was  sprayed  on  the  aggre- 
gates in  the  pug  mill  of  the  traveling  plant.  The  aggregates  should  be 
kept  in  the  pug  mill  as  long  as  possible  in  order  to  obtain  a satisfactory 
mix  with  SC-7. 

As  mentioned  before,  the  specifications  required  less  than  two  per 
cent  surface  moisture  before  the  liquid  bituminous  material  was  added. 
On  this  particular  project  the  aggregate  temperatures  ran  as  high  as  108° 
F.  and  contained  1.7%  moisture,  after  passing  through  the  pug  mill  and 
being  processed  with  SC-7  at  a temperature  of  290°  F.  the  completed 
mix  had  a temperature  of  approximately  118°  F.  and  contained  1.3% 
moisture. 

On  this  particular  project,  the  air  temperatures  at  night  were  low 
enough  to  make  mixing  with  SC-7  rather  difficult  and  sometimes  it  was 
impossible  to  continue  working  all  night. 

After  the  mixed  material  had  passed  through  the  traveling  plant, 
it  was  deposited  in  a uniform  windrow  behind  the  plant. 

The  base  was  treated  with  a tack  coat  of  1/10  to  1/12  gallon  of 
SC-2  per  square  yard  and  the  windrow  was  then  moved  onto  this  por- 
tion and  the  balance  of  the  base  given  the  same  amount  of  tack  coat. 

After  this  was  completed  the  windrow  of  mixed  material  was  then 
ready  to  lay  to  the  section  specified  on  the  plans.  The  inspector  sampled 
the  windrow,  determined  the  moisture  content  and  took  samples  of  the 
mixed  material  to  send  to  the  laboratory  for  extraction.  A typical  ex- 
traction report  from  the  laboratory  is  as  follows : 

Sample  No. 

Producer  of  Oil 
Date  Received 
Sampled  from  section 
Project  No. 

County 
Lab.  No. 

% of  oil  extraction 
% passing  % sieve 
% retained  on  ^ sieve 
% passing  10  mesh  sieve 
% passing  200  mesh  sieve 

The  roadway  was  then  staked  to  the  width  specified  on  the  plans 


14 
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Sta.  340  — 365 
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Grand  Forks 
OMX  1765 
4.2 
100.0 
28.5 
50.1 
6.7 
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and  the  mixed  material  laid  to  section  with  motor  patrols.  In  laying 
the  mixed  material,  the  less  manipulation  required  to  bring  the  material: 
to  section  the  smaller  the  amount  of  segregation. 

The  bituminous  mat  was  twenty-two  feet  wide  at  the  top  with  a six- 
inch  taper  on  each  side,  making  the  bottom  width  twenty- three  feet,! 
and  had  a thickness  of  one  and  one-half  inches  when  compacted. 

Sufficient  mixed  material  was  provided  to  widen  all  two  to  five! 
degree  curves  one  foot  on  the  inside  and  to  thicken  the  mat  on  the 
inside  to  two  and  one-half  inches.  This  additional  material  required  forj 
widening  and  thickening  is  tapered  back  to  the  regular  section  at  the 
P.  C.  and  P.  T.  of  the  curves. 

After  the  mixed  material  was  laid  to  the  section  as  specified  the 
surface  was  rolled  with  a steel  type  roller  and  opened  for  traffic. 

The  shoulders  of  the  roadway  were  then  built  up  with  gravel  which 
was  compacted.  The  quantity  of  gravel  required  to  build  up  these  shoul- 
ders was  326  cubic  yards  per  mile. 

After  the  traffic  had  been  permitted  to  use  this  road  from  two  to 
three  weeks  and  any  weak  spots  had  been  repaired,  the  seal  coat  was 
applied.  The  liquid  bituminous  material  used  for  this  seal  coat  was  RC-2 
applied  at  the  rate  of  % gallon  per  square  yard  twenty-three  feet  wide. 
One  side  of  the  roadway  was  treated  at  a time  in  order  not  to  incon- 
venience traffic.  A coarse,  dry  sand  was  then  applied  at  the  rate  of 
approximately  fifteen  pounds  per  square  yard  by  means  of  mechanical 
spreaders  operated  from  trucks  which  moved  backwards.  The  surface 
was  then  broomed  with  a drag  broom  in  order  to  keep  the  coarse  sand 
covering  uniform.  The  dray  type  broom  was  used  until  the  seal  coal 
had  taken  all  of  the  sand  that  it  would  hold. 

The  specifications  for  the  sand  and  RC-2  for  seal  coat  are  as  follows : 

Sand  for  seal  coat : 

100%  passing  sieve. 

80%  retained  in  a No.  10  sieve. 

RC-2  for  seal  coat : 


Flash  point  Tag  open  cup  °F 80+ 

Yiscosity,  Saybolt  Furol  @ 122°  F 200-400 

Distillation,  % by  volume 
Total  distillate  to — 

437°  F . 10-4 

500°  F 15+ 

600°  F 20+ 

680-°  F 35+ 

Tests  on  residue  from  distillation — 

Penetration  @ 77°  F.,  100  C.,  5 sec 70-110 

Ductility  @ 77°  F.  100+ 

Per  cent  soluble  in  CC14  99.5 


The  completed  road  had  a twenty-two  foot  bituminous  mat  and  a 
thirty-two  foot  finished  top.  The  crown  was  seventeen  hundredths  (.17) 
[feet  on  the  bituminous  section  and  an  overall  crown  of  twenty-four 
hundredths  (.24)  feet  to  the  edge  of  the  gravel  shoulder.  The  inslopes 
ion  the  road  were  3%  to  1. 

The  contract  prices  for  the  project  are  as  follows: 

Furnish  and  apply  SC-2  for  base  preparation  33,386  gals.  @ .075 

Aggregates  complete  in  place  for  bituminous  mix  14,209  tons  @ 1.35 


Furnish  and  apply  SC-7  for  mix 176,192  gals.  @ .08 

Rolling  75.714  mi.  @ 2.50 

Furnish  and  apply  RC-2  for  seal  coat 42,672  gals.  @ .095 

Sand  for  seal  coat  in  place.... 1,279  tons  @ 1.50 

Gravel  shoulders  complete  in  place 4,194  cu  yd.  @ .75 


The  mat  produced  by  the  heavy  liquid  bituminous  material  is  very 
tough  and  appears  that  it  will  give  very  satisfactory  service.  However,  it 
is  thought  advisable  on  future  projects  to  require  an  RC-3  for  seal  coat 
and  a sand  which  will  all  pass  a V2  inch  sieve  and  be  retained  on  a No. 
8,  this  sand  to  be  applied  at  the  rate  of  approximately  20  pounds  per 
square  yard.  Then  use  a dray  broom  to  uniformly  distribute  the  sand 
and  follow  with  a smooth  steel  roller. 
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Trends  in  Construction  of  Runways  and  Other 
Airport  Surfaces 


By 


W.  R.  MACATEE,  District  Engineer 
The  Asphalt  Institute 
Cincinnati,  Ohio 

INTRODUCTION 


The  surfacing  of  runways,  taxiways, 
and  hangar  aprons  and  floors  is  a major 
phase  in  the  development  of  airports.  Sur- 
facing is  not,  however,  the  only  important 
phase  in  the  development  of  land  facil- 
ities for  servicing  and  making  practical 
use  of  the  fast  expanding  airplane  service, 
whereby  this  service  now  extends  to  prac- 
tically all  of  the  country’s  cities.  Plans 
have  been  developed  and  will  doubtless 
shortly  be  put  into  operation  whereby 
shuttle  planes  will  criss-cross  the  sky  to 
extend  air  service  even  to  tiny  towns  and 
villages.  Therefore,  airport  construction  in 
this  country  is  far  from  completed. 

“FLIGHT  STRIPS” 

In  addition  to  need  for  constructing 
many  more  air  fields  and  greatly  enlarging 
the  facilities  at  existing  airports,  there  is 


a movement  under  way  which  is  designed  to  actively  develop  more  or  less 
emergency  landing  fields,  adjacent  to  the  main  highways.  The  North- 
west Aviation  Planning  Council  recently  and  formally  adopted  a resolu- 
Jtion  asking  proper  authorities  in  the  Pacific  Northwest  to  acquire  suf- 
ficient land  adjacent  to  the  main  highways  to  establish  highway  blight 
Strips”  at  intervals  of  fifty  miles,  each  strip  to  be  300  feet  wide  and 
|3000  feet  in  length. 


The  Massachusetts  House  of  Representatives  have  also  considered 
Flight  Strips”  adjacent  to  highways.  That  state’s  House  Document  No. 
340  contained  the  following  extracts  with  respect  to  “Flight  Strips”: 

“A  ‘ flight  strip’  is  a flat  area,  200  to  800  feet  wide,  more  or  less, 
nd  1,800  to  5,000  feet  long,  more  or  less,  located  adjacent  to  the  high- 
way, on  publicly  owned  land.  These  ‘flight  strips’  may  be  from  15 
) 50  miles  apart.  The  term  ‘flight  strip’  should  not  be  confused  with 
le  statutory  definition  of  the  landing  strip  (emergency  field),  inas 
iuch  as  the  ‘flight  strip’  is  included  within  the  highway  right  of  way, 
nd  is  laid  out  and  constructed  by  the  same  authority  as  is  in  charge 


Note:  All  figures  referred  to  are  illustrated  in  Appendix  of  this  S 
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of  the  highway.  A ‘flight  strip’  is  not  only  adjacent  to  a highway,  but 
is  a part  of  the  highway  right  of  way  itself,  which  is  not  necessarily  the 
case  of  a landing  strip.*** 

“As  ‘flight  strips’  relate  directly  to  road  transportation,  which  auto- 
matically becomes  the  responsibility  of  the  various  state  highway  depart- 
ments, any  state  laws  relative  to  ‘flight  strips’  should  be  conceived  as 
part  of  existing  highway  and  motor  vehicle  laws.***” 

Since  most  of  you  who  are  present  are  primarily  interested  in  high- 
way activities,  it  will  be  seen  that  there  are  at  least  some  efforts  being 
made  whereby  your  work  may  be  broadened  to  require  your  giving  direct 
attention  to  planning,  designing  and  supervising  air  fields  of  the  “Flight 
Strip”  type. 

ONLY  SURFACING  CONSIDERED 

Important  as  is  the  surfacing  of  runways,  airport  development  in- 
cludes other  activities  such  as  grading,  drainage — of  utmost  importance — , 
lighting  for  illumination  and  signaling,  also  hangars  and  other  buildings. 
Each  of  these  phases  requires  expert  planning  and  supervision  if  airport 
development  is  carried  out  successfully.  For  this  paper,  however,  com- 
ments will  be  made  only  as  to  a description  of  trends  and  construction 
methods  in  the  surfacing  of  runways,  taxiways  and  other  areas  of  a 
modern  airport. 

SURVEY  EMPLOYED  TO  REVEAL  TRENDS 

Let  me  at  the  outset  make  clear  that  I shall  confine  my  remarks  con- 
cerning phases  of  design  and  construction  of  airport  surfaces  to  facts 
which  have  been  revealed  to  me  by  personal  observations  and  replies  to 
a questionnaire  received  from  a number  of  municipal,  military,  naval 
and  other  authorities  who  have  participated  in  the  design,  construction 
or  operation  of  important  air  fields  throughout  the  country.  Also  at  the 
outset,  I wish  to  express  my  appreciation  and  thanks  to  those  engineers 
who  so  generously  supplied  me  with  comprehensive  data  and  descriptive 
drawings. 

LIGHTER,  LESS  EXPENSIVE  SURFACES  BEING  USED 

By  far  the  most  pronounced  trend  revealed  in  the  replies  and  draw- 
ings received  was  that  toward  lighter  and  less  expensive  surfaces.  Al- 
most unanimously,  engineers  agreed  that  the  heretofore  accepted  idea 
that  heavy  bases  and  wearing  surfaces  at  airports  were  required  was 
fallacious  and  unnecessarily  expensive.  This  pronounced  trend  away  from 
heavy  expensive  runway  surfaces  is  best  shown  by  the  practice  carried 
out  at  Port  Columbus  in  Ohio  (Fig.  1)  where  airport  runway  surfacing 
was  pioneered  more  than  ten  years  ago. 

Figure  1 reveals  that  two  programs  of  airport  paving  have  taken 
place  in  Columbus.  The  design  and  cost  of  the  first  asphalt  wearing 
course  on  Portland  cement  concrete  base  constructed  ten  years  ago  has 
now  given  way  to  a more  rational  and  economical  design  in  new  run- 
way extensions.  This  is  illustrated  by  the  fact  that  the  most  recent  con- 
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struction  called  for  4^/2"  rolled  limestone  or  slag*  base  course  instead 
of  the  more  expensive  5"  Portland  cement  concrete  base  employed  in 
the  earlier  program  when  matters  of  runway  design  had  not  developed 
to  a point  whereby  actual  impact  and  static  loads  could  be  accurately 
computed. 

In  this  reversal  of  practice,  the  designers  of  Columbus’  newest  run- 
way pavements  more  nearly  approached  the  ideal  economy  sought  in  such 
matters,  whereby  the  bearing  ability  of  the  layers  separating  the  sub- 
grade and  the  point  of  an  airplane’s  contact  should  be  made  increasingly 
stronger  from  the  allowable  load  on  the  subgrade  to  the  point  of  the 
airplane’s  contact  on  the  surface.  This  theory  of  design  was  recently 
commented  upon  in  a paper  in  which  the  author* — in  discussing  high- 
ways— pointed  out  that  no  sharp  planes  of  discontinuity  should  exist 
between  these  layers  of  increasing  supporting  value.  The  same  principle 
applies  perhaps  even  more  strongly  in  considering  runway  paving  than 
in  the  design  of  highways,  for  the  reason  that  a runway’s  maximum  load 
is  static  in  nature  because  an  airplane  in  landing  creates  little,  if  any, 
impact.  This  is  due  to  the  sustaining  power  of  the  airplane’s  wings, 
plus  the  cushioning  effect  of  large  tires  and  recoil  types  of  springs 
in  landing  gears. 

WEST  COAST  REVEALS  SIMILAR  TREND 

Another  striking  illustration  of  this  trend  is  revealed  by  a drawing 
(Fig.  2)  sent  by  engineers  at  Reeves  Field  Airport  (under  the  direc- 
tion of  the  Harbor  Department  of  the  City  of  Los  Angeles).  This  draw- 
ing, as  shown  in  the  cross-sectional  view,  reveals  that  while  no  change 
has  been  made  in  total  thickness  of  runways,  there  has  been  a marked 
change  whereby  the  cost  of  present-day  construction  at  Reeves  Field 
has  been  greatly  reduced.  This  has  been  made  possible  by  using  avail- 
able local  materials  and  employing  a type  of  asphalt  construction  less 
costly  than  that  used  in  the  earlier  program. 

As  shown  in  the  illustration  (Fig.  2),  a hot-laid  asphaltic  concrete 
base  course  and  wearing  surface  having  total  thickness  of  5"  was  th» 
design  selected  in  the  initial  development  of  Reeves  Field. 


SUBGRADE-SURFACE  THICKNESS  RELATIONSHIP 

Obviously,  no  fixed  thickness  of  runway  base  and  surfacing  can  b( 
dogmatically  prescribed  for  the  reason  that  strength  of  subgrades  vary 
so  sharply  in  different  localities  due  to  varying  soil  and  moisture  condi- 
tions. Therefore,  as  in  highway  construction,  the  requirement  is  that 
the  runway  base  and  surfacing  must  be  in  proportion  to  the  subgrade 
strength  and  the  surface  load  which  is  expected. 


Bernard  E.  Gray**  had  this  requirement  clearly  in  mmd  when  he 
suggested  the  method  of  computing  base-surface  requirements  on  run- 
ways to  be  constructed  on  soils  of  varying  bearing  powers,  as  follows. 


“For  purposes  of  pavement  design  for  determining  the 


thickness 


* C.  S.  Hill,  Engineering  News-Record,  September  lo,  1938, 
**  Chief  Highway  Engineer,  The  Asphalt  Institute. 
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of  structure,  a value  of  1.5  times  static  load  may  be  used  for  W in  the 
formula 

t = .564  X Vw/S  - e (1) 

in  which 

W = 7ir2S 

and  from  the  large  45°  triangle  in  the  accompanying  diagram 


r — t+e 

therefore 


— 77'  ( t — | — e ) 2S (2) 


Solving  for  t,  the  thickness  of  structure  can  be  obtained  from 
(1)  where 


t — thickness  of  pavement  (in). 

W = wheel  load  (lbs.) 

r = radius  of  circle  of  load  distribution 
7rr2  = area  of  circle  of  load  distribution 
S = subgrade  resistance  (lbs./in.2) 
e = radius  of  tire  area  contact 


it  t t t t t 


Subgrade  Resistance 


Using  a value  of  1.5  times  static  load  and  with  the  other  factors,  an 
adequate  margin  of  safety  will  be  provided.” 


AIRPORT  SURFACES  TO  FIT  COMMUNITIES’  NEEDS 

An  interesting  comparison  of  two  airports’  capacities — both  in  re- 
spect to  number  of  planes  incoming  and  outgoing  in  given  periods  and 
base-surface  thicknesses — is  made  possible  by  studying  the  details  of  a 
small  airport  (Fig.  4)  located  at  Chesapeake,  Ohio  in  the  southeastern- 
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Municipal  Airport  (Fig.  3)  would  dwarf  the  Chesapeake  project  unless 
a study  were  made  of  the  relative  needs  of  the  two  communities  which 
these  airports  serve.  Such  a study  would  likely  show  that  the  smaller 
project  was  designed  with  equal  care  and  consideration  lor  the  purpose 
of  adequately  serving  the  requirements  of  a smaller  population  in  the 
cities  of  Ironton  in  Ohio,  Huntington  across  the  river  in  West  A irginia 
and  Ashland,  Kentucky. 


REFUSE  MATERIALS  SERVE  THREEFOLD  PURPOSE 

The  materials  which  are  shown  to  have  been  used  in  the  sub-base  ot 
Chicago’s  big  airport  (Fig.  3)  of  more  than  one  million  square  yards  ot 
lurfacing,  consist  of  waste  materials  removed  from  old  street  bases  and 
iurfacings  which  were  badly  broken  up  due  to  long  previous  use.  rhese 
naterials  were  of  various  character;  old  spall  paving,  broken-up  concrete 
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and  slabs  of  sheet  asphalt  which  had  been  removed  from  many  sections 
of  the  city. 

These  waste  materials  served  admirably  to  stabilize  the  existing  poor 
subgrade  conditions  at  the  city’s  airport.  They  further  served  to  provide 5 
work-relief  for  unemployed  persons  engaged  in  street  reconstruction.  Of 1 
equal  importance,  the  airport  area  served  admirably  as  a depository  for 
these  materials  which  otherwise  would  of  necessity  have  been  hauled 
greater  distances  at  added  expense  without,  however,  serving  as  useful  i 
a purpose. 

Strictly  speaking,  there  was  probably  no  structural  necessity  for 
using  as  much  materials  in  the  sub-base  as  were  used.  Under  the  cir-  j 
cumstances  as  outlined,  however,  they  serve  admirably.  This  is  especially 
true  due  to  the  very  unstable  soils  encountered  in  the  section  of  Chi-  • 
cago  where  the  airport  is  located. 
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CK'CAGO  MJNICIPAL  AIRPORT 
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Figure  3. 


ENRICHED  UPPER  SURFACE  DESIRABLE 

Engineers  responsible  for  designing  and  constructing  the  big  metro- 
politan Salt  Lake  City  Airport  (Fig.  5)  and  the  Chanute,  Kansas  Municipal 
Airport  (Fig.  6)  both  employed  an  excellent  principle  to  follow  in  con- 
structing asphalt  runways.  It  will  be  observed  that  while  types  of 
surface  construction  were  quite  different — one  using  hot-mix  type  of  asphalt, 
whereas  the  other  used  a liquid  asphalt — each  of  the  engineers  apparently 
recognized  the  need  for  enriching  the  exposed  upper  surfaces  of  the  run- 
ways, using  somewhat  greater  quantities  of  asphalt  than  would  normally 
be  required  on  roadway  surfaces. 


It  might  appear  as  though  the  designers  of  the  runways  at  Chanute, 
Kansas,  subordinated  surfacing  to  base  stability  and  its  integrity.  How- 
ever, keeping  in  mind  the  ill-effects  of  surface  moisture,  air  and  wind— 
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the  latter  is  especially  damaging  in  areas  like  Kansas — it  will  be  seen 
that  the  surface  course  was  not  unduly  neglected,  thin  though  it  may  ap-  ' 
pear.  To  prevent,  so  far  as  possible,  the  damaging  effects  of  the  ele-  . 
ments,  the  designers  of  the  Chanute  runways  used  the  relatively  large 
quantity  of  1.1  gallons  of  asphalt  per  square  yard — including  tack  coat 
on  macadam  base — for  the  relatively  thin  wearing  course,  thick.  This 
created  an  impermeable  surface  without,  however,  reducing  stability  below 
the  minimum  required  to  prevent  displacement  under  the  traffic  to  be  j 
expected. 

SOFT  ASPHALT  DESIRABLE 

It  will  be  seen  that  the  same  principle  was  followed  in  constructing 
the  upper  wearing  surface  of  the  asphalt  runways  at  Salt  Lake  City  • 
(Fig.  5).  At  that  important  transcontinental  airport,  the  hot-mixed  asphaltic 
concrete  was  thoroughly  sealed  with  a rich  mixture  of  sheet  asphalt,  using 
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12  per  cent  of  relatively  soft  asphalt,  60/70  penetration.  Not  only  is  it 
desirable  to  use  as  high  a percentage  of  asphalt  as  possible  without  un- 
duly reducing  the  stability  whereby  displacement  might  occur,  but  it 
is  equally  desirable  to  use  as  soft  an  asphalt  as  possible  consistent  with 
minimum  stability. 

ASPHALT  STABILIZATION  EXTENSIVELY  USED 

From  the  replies  received  from  a number  of  engineers  throughout  the 
country,  it  was  made  quite  evident  that  asphalt  stabilization  of  existing 
soils  is  being  used  more  and  more  extensively,  and  with  increasing  confi- 
dence that  it  provides  satisfactory  and  economical  base  courses  for  run- 
ways. In  many  cases  asphalt  stabilization  has  been  carried  out  with  no 
additions  of  hauled-in  aggregates.  In  some  cases,  however  if  the  costs 
justified — asphalt  stabilization  has  been  carried  out  by  means  of  a combina- 
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tion  of  (a)  existing  soils,  (b)  hauled-in  aggregates  and  (c)  asphalt. 
That  is,  by  the  incorporation  of  (a)  local  soils,  (b)  hauled-in,  cheap 
aggregates  and  (c)  asphalt,  satisfactory  bases  have  been  produced  by  means 
of  a combination  of  mechanical  stabilization  and  structural  stabilization. 

This  dual-form  of  stabilization  is  illustrated  in  drawing  representing  the 
Cheyenne,  Wyoming  Airport  (Fig.  9-A).  It  will  be  observed  in  that  in- 
stance that  a gravel  sub-base  was  installed  prior  to  placing  the  stabilized 
base  course  in  which  cutback  asphalt  MC-3  was  the  stabilizing  element. 
An  outstanding  airport  project  in  which  asphalt  also  was  used  for  stabiliz- 
ing blended  soils  is  illustrated  in  the  drawing  for  Akron,  Ohio.  (Fig.  7). 

Another  interesting  and  economical  use  of  asphalt  for  stabilizing 
local  soils  was  carried  out  at  the  Municipal  Airport  at  Charleston,  South 
Carolina  (Fig.  8).  The  nomenclature  employed  in  referring  to  work 
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similar  to  that  which  was  done  in  Charleston,  whereby  it  is  designated 
as  sand-asphalt  by  many  persons  and  asphalt  stabilization  by  others, 
indicates  the  need  for  clarifying  these  terms  which  are  used  so  often 
interchangeably  without  always  completely  revealing  their  meaning.  Kelleyf 
comments  on  this  as  follows : 

. . a definite  distinction  is  made  between  bituminous- 
stabilized  soil  bases  and  those  types  of  construction  in  which  soil 
materials  composed  principally  of  sand  are  used  to  produce  what 
are  essentially  asphaltic  paving  mixtures.” 

While  it  is  probably  desirable,  as  Kelley  implies,  to  more  clearly  define 
these  terms  which  are  used  interchangeably,  the  work  at  Charleston 

t E.  F.  Kelley,  Chief,  Division  of  Tests,  U.  S.  Bureau  of  Public  Roads. 
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nevertheless  does  constitute  a form  of  asphalt  stabilization  wherein  the 
available  local  sands  were  made  stable  and  satisfactory  as  runways  after 
processing  them  with  asphalt  of  the  rapid-curing  type. 


MILITARY-NAVAL  AIRPORTS  USE  ASPPIALT  STABILIZATION 

The  Army  Air  Corps  Tactical  School  runways  at  Maxwell  Field,  Ala- 
bama, (Fig.  9)  illustrates  the  use  of  emulsified  asphalt  for  stabilizing  an 
admixture  of  coarse  sand  which  was  added  to  the  existing  soil  found  at  that 
army  airport. 

In  contrast,  the  naval  engineering  authorities  at  the  nearby  Air  Sta- 
tion at  Pensacola,  Florida  used  the  slow-curing  type  (SC-3)  for  work  at 
Corry  Field  to  stabilize  combination  of  clay  and  loam.  Another  air  field 
serving  the  Pensacola  Naval  Air  Station  is  identified  as  Chevalier  Field. 


The  i unways  there  were  partially  stabilized  with  SC-3,  later  supplanted 
by  cutback  asphalt,  RC-1.  This  change  was  made  because  the  slow-curing 
type  entailed  an  undue  delay  before  the  surface  of  the  runways  would 
be  ready  to  use. 


The  Municipal  Airport  (also  at  Pensacola)  (Fig.  10)  was  constructed 
by  stabilizing  the  local  sand  found  in  runway  areas,  using  cutback  type 
of  asphalt.  The  nomenclature  employed  in  describing  this  work  also  reveals 
the  desirability  of  developing  a more  generally  understood  common  term  for 
identifying  such  mixtures.  This  is  identified  as  sand-asphalt  but  which 
is  also  a form  of  asphalt  stabilization.  Generally  speaking,  asphalt  stabiliza- 
tion is  suitable  only  for  base  constructon  and  is  not  desirable  for  wearing 
surfaces  as  it  is  generally  too  friable  to  withstand  the  abrasive  action  of 
traffic.  An  exception  to  this  generalization  is  noted  in  asphalt  stabiliza- 
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tion  work  where  the  aggregate  is  principally  sand  such  as  found  in 
Charleston  (Fig.  8),  Pensacola  (Fig.  10)  and  Reeves  Field  (Fig.  2). 

In  reviewing  the  reports  received  in  which  asphalt  stabilization  work 
has  been  carried  on,  it  will  be  observed  that  this  fast-developing  use  for 
asphalt  has  included  the  slow-cnring  type,  medium-curing  type,  rapid- 
curing  type  and  the  emulsified  type  as  stabilizing  agents. 

CUT-OFF  SIDE  WALLS 

Drawings  revealing  the  cross-sectional  views  of  the  Topeka,  Kansas 
Airport  (Fig.  11)  and  the  Los  Angeles  Municipal  Airport  (Fig.  12)  bring 
out  very  clearly  the  trend  toward  using  asphaltic  mixtures  for  producing  ! 
cut-off  or  side  walls  at  the  sides  and  ends  of  runways.  The  purpose  of 
these  cut-off  walls  is  obvious,  that  is,  to  prevent  water  from  adjacent, 
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unpaved  areas  from  finding  its  way  horizontally  under  the  runway  sur- 
face structure— especially  at  the  edges. 

The  engineers  at  Los  Angeles  Municipal  Airport  (Fig.  12)  employed 
the  same  type  of  mixture  in  the  cut-off  walls  as  was  used  in  the  base 
course,  whereas,  the  engineering  authorities  at  Topeka  (Fig.  11)  used 
coarse  stone  graded  from  2%"  down  to  1",  merely  coating  the  stone  with 
asphalt  to  lightly  bind  it  together,  thus  permitting  infiltration  of  water 
from  the  surface  to  be  guided  down  and  into  clay-tile  drains  which  safely 
carry  off  the  water  and  prevent  it  from  destroying  the  integrity  of  the 
subgrade. 

EXTENSIONS  ALREADY  PLANNED 

Among  the  outstanding  air  field  developments  revealed  by  a large 
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number  of  replies  to  my  questionnaire  was  the  fact  that  engineers  re- 
sponsible for  airport  operations  have,  generally  speaking,  anticipated  the 
need  for  early  and  large  extensions  to  present-day  facilities.  This  realiza- 
tion of  needs  which  are  in  the  immediate  offing  are  revealed  in  the  drawing 
which  describes  the  Los  Angeles  Municipal  Airport  (Fig.  12).  By  the 
way,  that  enterprising  metropolitan  city  on  the  Pacific  Coast  not  only 
is  planning  large  extensions  to  its  Municipal  Airport  (Fig.  12)  but  it 
also  operates  another  important  airport  in  the  San  Pedro  section  of  the 
city  (Fig.  2). 

The  proposed  extensions  for  which  plans  are  being  made  by  many 
airport  authorities  are  not  limited  to  the  big  cities,  but  engineers  in 
the  smaller  communities  are  equally  alert  to  the  need  for  providing  plans  i 
for  extending  airports  in  their  cities.  This  is  brought  out  quite  clearly 
in  the  descriptive  drawing  of  the  airport  at  Wichita  Falls,  Texas  (Fig.  13).  j 
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SIZE  OF  SURFACED  AREA  AT  AIR  FIELDS 


The  average  surfaced  area  at  airports  illustrated  in  this  paper  is 
about  175,000  square  yards  which  is  equivalent  to  nearly  17  miles  of 
18-foot  roadway.  Whereas,  175,000  square  yards  is  the  average,  the  size 
jof  the  community  in  which  the  airport  is  located  governs  the  area  to 
jbe  surfaced.  For  instance,  the  big  Chicago  Municipal  Airport  (Fig.  3)  has 
^surfaced  area  equivalent  to  104  miles  of  18-foot  roadway. 


ABSENCE  OF  CURLING-FATIGUE  IN  ASPHALT  RUNWAYS 

One  engineer  brought  out  quite  interestingly  one  of  the  advantages 
found  in  asphalt  for  airport  surfaces.  This  comment  focused  attention 
on  the  fact  that  flexible  types  of  runway  surfaces  are  not  subjected  to 
the  curling  action  by  change  of  air  temperatures,  and  are  therefore  not 
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subject  to  the  destructive  forces  of  fatigue  from  that  cause.  Fatigue 
occasioned  by  the  action  of  traffic,  such  as  we  understand  that  term  in 
relation  to  highways,  is  of  no  importance  in  runways,  for  the  reason  that 
traffic  on  runways  is  a negligible  factor ; the  identically  same  lanes  of 
traffic  being  used  relatively  seldom. 

STAGE-CONSTRUCTION  AS  REQUIRED 

Another  feature  pointing  to  the  desirability  of  using  asphalt  in  run- 
way construction  was  brought  out  by  an  airport  official  in  one  of  the 
eastern  cities  to  the  effect  that  it  serves  advantageously  because  of  the 
facility  and  economy  with  which  it  can  be  strengthened  by  additional 
layers  from  time  to  time  as  required  by  increased  weight  of  planes  using 
airports,  or  for  the  periodic  surface  renewal  to  replace  wear. 
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WIDTHS  OF  LANES  OF  CONSTRUCTION 

The  replies  further  showed  that  there  was  no  unanimity  of  prac- 
tice with  regard  to  width  of  lanes  of  construction.  It  was,  however,  made 
fairly  evident  that  the  maximum  width — therefore,  presumably  the  most 
practicable  and  economical — was  20  feet.  In  the  case  of  construction  of 
either  bases  or  surface  courses  by  means  of  traveling  mixing-plants,  the 
usual  width  of  construction  of  lanes  was  found  to  be  8 to  11  feet. 

Where  local  soils  were  utilized  for  base  courses  or  base  and  surface 
courses  (such  as  sand-asphalt),  it  was  found  that  the  usual  practice  is 
to  construct  runways  in  alternate  lanes.  The  practice  of  constructing 
bases  in  alternate  lanes  has  especially  practical  value  where  they  are 
stabilized  with  asphalt  in  two  courses,  as  the  areas  adjacent  to  the  lane 
under  construction  provide  space  for  the  storage  of  mixtures  which  are 
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made  first  but  laid  aside — for  future  use  in  the  upper  layer — while  the 
lower  layer  is  mixed,  cured  and  rolled. 

LANDING  MATS 

One  of  the  important  air  fields  in  the  country  is  located  at  Cleve- 
land (Fig.  14).  In  addition  to  being  distinctive  because  of  heavy  com- 
mercial air  traffic,  it  also  is  the  scene  of  the  country’s  annual  air  races, 
the  classic  in  aviation  sports  competition.  Aside  from  these  distinctions, 
it  is  constructed  in  a manner  which  is  unusual,  whereby  the  conventional 
type  of  runways  is  combined  with  a huge  landing  mat,  having  dimen- 
sions of  1850  feet  by  1850  feet,  equal  to  nearly  400,000  square  yards.  This 
is  in  addition  to  the  conventional  type  of  runways  which  are  appendages 
to  the  mat  as  shown  in  Fig.  14. 

Operators  of  airports  recognize  in  the  landing  mat-runway  type  fea-  ; 
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tures  which  commend  it,  especially  in  blind  landing  which  aviation  is 
perfecting.  The  Saturday  Evening  Post  in  a recent  issue  treating  the 
general  subject  of  aviation  favorably  commented  on  this  particular  type 
of  runway. 

It  will  be  observed  in  the  cross-sectional  view  of  the  drawing  de- 
scribing Cleveland’s  air  field  that  the  principle  of  enriching  the  wearing 
surface  was  carried  out  by  providing  a seal  coat  on  the  1%"  cold-laid 
plant-mix  type  of  asphaltic  concrete.  It  will  also  be  observed  that  the  as- 
phaltic concrete  was  supported  by  a 5"  slag  base  course  with  an  inter- 
mediate 2"  course  of  asphaltic  macadam  constructed  by  the  penetration 
method. 

TREND  TO  USE  OF  LIQUID  ASPHALT 

A pronounced  trend  toward  the  use  of  cutback  asphalt,  such  as  the 
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naphtha  type  rapid-curing  products  and  the  kerosene  type  medium-curing 
grades,  was  revealed  in  the  replies  received.  This  trend  is  made  clear  in 
the  case  of  the  extensions  of  Runways  “A”  and  “B”  installed  at  Memphis 
(Fig.  15).  The  drawing  shows  that  a cutback  asphalt  was  used  for  the 
second  surfacing  program  in  that  city.  Another  revelation  of  this  trend 
is  shown  in  Fig.  16,  descriptive  of  the  Morgantown,  West  Virginia  Air- 
port. This  is  probably  due  to  a number  of  factors,  not  least  of  which  is 
the  desire  to  use  a base  stock  asphalt  of  relatively  high  penetration. 

ASPHALT  PRIMING  MATERIAL 

The  drawing  which  reveals  details  used  in  constructing  the  Morgan- 
town, West  Virginia  Airport  (Fig.  16)  illustrates  the  use  of  liquid  asphalt, 
MC-1,  for  priming  purposes.  A prepared  base,  such  as  rolled  stone,  gravel 
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and  sand-clay,  should  be  treated  with  an  asphalt  primer  before  road-nrix, 
or  plant-produced  surfaces  are  placed.  Medium-curing  liquid  asphalt,  MC-1, 
such  as  used  at  Morgantown  is  suitable  for  priming  such  bases  unless 
they  are  of  a very  porous,  open  texture.  In  the  latter  case,  the  use  of 
MC-2  is  indicated.  MC-1  is  a low-viscosity  material  which  is  readily  and 
completely  absorbed  by  the  surface  and  has  proved  extremely  satisfactory 
as  a primer  in  airport  and  highway  construction. 

PARKING  LOTS  AT  AIRPORTS 

A modern,  adequate  parking  lot  for  automobiles  is  an  important  ad- 
junct to  provide  at  airports.  It  will  be  observed  in  Fig.  15,  descriptive 
of  the  Memphis  Airport,  that  hot-laid  asphaltic  concrete  was  used  in 
paving  the  parking  lot  areas. 
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Aprons  and  hangar  floors  preferably  should  he  paved  with  an  as- 
phalt mixture  of  somewhat  higher  stability  than  is  required  on  taxiways 
and  runways.  Asphalt  paving  blocks  are  ideally  suited  for  hangar  floors, 
especially  where  mechanical  servicing  of  planes  is  carried  on.  Asphalt 
blocks  also  serve  equally  well  on  aprons  adjoining  hangars.  If  a monolithic 
type  of  surfacing  is  desired,  asphaltic  macadam  of  the  penetration  type 
or  plant-mix  type  of  asphaltic  concrete  is  indicated  for  hangar  floors  and 
aprons. 


RUNWAYS  OF  STURDY  PENETRATION  MACADAM 

Descriptive  drawing  of  the  Rochester,  New  York  Airport  (Fig.  17)  il- 
lustrates a sturdy  type  of  construction  which  has  long  been  popular  in 
the  highway  field  in  New  York  State,  New  England,  Oregon  and  other  : 


—466— 


CONCORD  MUNICIPAL 
AIRPORT 

AIRPORT  COMMISSION 


LAYOUT 

SHOW1NQ 

ASPHALT  RUNWAYS  -TAX1WAYS-ETC, 


INOICATC  TRUC  HQ0R7H 


Lksiss 

CONCORD  AIRPORT-  CONCORD.N.H.  H 


J38 


Q 


CZj 


FUTU3F.  CONSTRUCTION 


i Miwcweo  ^trr  j 


L086JTU01NAL  SCALE  DP  RUNWAYS 


LATERAL  SCALE  OF  RUNWAYS 


RUNWAY 

LENGTH 

WIDTH 

"A' 

100' 

2200' 

100' 

*C* 

22 OO' 

100- 

TYPICAL  C&OSS  S&CTIOMAL  VIEW 
OF 

ASPHALT  RUNWAYS 


-a"  cmaxso  w - pejs£17wi©w  mctmssj  ewulssfko  mimms  base. 

ST®«  ORAB2D  I SA*  TO  I Vs" 

BAWH  RUN  GRAVEL  BA3S 

LULU"1”” 

vertical  cross  section  scale 


general  notes 


NATURAL  BASE  - COURSE  SAND- 
S' GRAVEL  BASE  • BANK  run  gravel  LAID 
2'  LAYERS,  EACH  LAYER  WET  AND  ROLLED  WITH 
TEN  TON  ROLLER. 


I-  PEA  STONE  EMULSIFIED  ASPHALT  SURFACE  - 
ASPHALT  APPLIED  PENETRATION  METHOD,  I I* 
GAL.  PER  SO.  TO.  SANO  COVER.  ROLLED.BCFORE 
A AFTER  ASPHALT  APPLgP.WiTH  FIVE  TON  ROLLER. 


COST  OF  RUNWAY  SURFACE 
BASE  ANO  SUB-BASE  •0.75P1R  SO  Y(X,  EXCLUSIVE 
Of  GRADING,  DRAINAGE,  ENGINEERING.  ETC 


CiTr  EMGiNCCR 


FlGUSE-20 


sections  of  the  country.  The  type  used  in  paving  the  runways  at  Rochester 
is  asphaltic  macadam,  compressed  to  a final  thickness  of  2",  on  an  8" 
rolled  stone  base  in  which — it  is  interesting  to  note  on  the  drawing — 40 
per  cent  run-of-bank  sand  was  used  as  the  filler  prior  to  rolling. 


The  type  of  construction  used  at  Rochester  also  reveals  the  trend 
toward  somewhat  softer  grades  of  asphalt  than  are  normally  used  in 
highway  construction.  The  binder  was  100/120  penetration  asphalt,  where- 
as 85/100  penetration  asphalt  is  frequently  used  in  highway  work  for 
constructing  asphaltic  macadam.  Another  excellent  practice  was  followed 
in  Rochester  whereby  the  wearing  course  was  seal-coated  and  enriched 
with  % gallon  of  rapid-curing  cutback  type  of  asphalt,  per  square  yard. 
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DRAWINGS  REVEAL  CONSTRUCTION  METHODS  AND  DETAILS 

The  drawings  shown  in  stereopticon  slides  and  printed  form  reveal  more 
completely  and  interestingly  the  details  of  construction,  dimensions,  ma- 
terials and  other  features  than  I could  enumerate  to  yon  in  this  general 
description. 


SUMMARY  OF  TRENDS 

The  trends  in  construction  of  airports  as  brought  out  in  the  replies 
from  many  sources  are  summarized  below.  The  most  pronounced  trend  is 
listed  first,  as  follows: 

1.  Toward  lighter,  less  expensive  forms  of  surfacing. 

2.  Toward  utilizing  local  materials  more  extensively. 
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3.  Toward  more  extensive  use  of  flexible  forms  of  surfaces  and  bases. 

4.  Toward  thicker  film  thicknesses  of  asphalt  surrounding  aggregate 
particles. 

5.  Toward  the  use  of  softer  asphalts. 

6.  Toward  greater  use  of  liquid  asphalts,  such  as  MC  and  RC  groups. 

7.  Toward  more  extensive  use  of  asphalt  stabilization  of  bases. 

8.  Toward  constructing  cut-off  walls  of  asphalt  mixtures  at  ends  and 
sides  of  runways. 

9.  Toward  having  on  hand  fully  developed  and  quickly  available 
plans  for  future  extensions  of  runways  and  other  airport  facilities. 

CONCLUSION 

I take  it  that  most  of  you  present  at  this  Conference  are  directly  or 
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indirectly  interested  in  asphalt  types  of  construction,  and  therefore  zealously 
endeavor  to  gain  for  these  types  well-earned  approbation  of  your  associates 
and  the  public.  From  the  large  number  of  replies  which  I received  from 
officials  engaged  in  constructing  and  operating  airports,  I was  gratified  at 
the  spontaneous,  whole-hearted  and  enthusiastic  endorsement  which  was 
given  asphalt  mixtures  for  surfacing  at  airports.  Sharing  with  you  the 
same  degree  of  pride  in  the  creditable  manner  in  which  asphalt  materials 
serve  for  surfacing  highways  and  airports,  I am  glad  to  quote  a sample 
of  the  enthusiastic  endorsement  of  these  materials  which  voluntarily  came 
to  me  from  an  important  engineering  official  of  the  United  States  Navy, 
reading  as  follows: 

“Our  experience  with  asphalt-oil  treated  landing  mats  and  run- 
ways has  been  very  satisfactory  and  we  strongly  recommend  it  for 
such  types  of  soils  as  occur  at  this  Station.  ” 
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NOTE 

Since  the  foregoing  10  pages  were  written,  based  largely  on  descrip- 
tive drawings  and  other  data  concerning  18  American  airports,  there  has 
been  received  descriptive  matter  concerning'  12  additional  airports.  It  was 
impracticable  to  incorporate  into  the  foregoing  paper  comments  with 
reference  to  these  12  airports.  It  seems  desirable,  however,  to  now  com- 
ment upon  them  and  reproduce  descriptive  drawings  concerning  them. 
Therefore,  the  following  comments  did  not  form  a part  of  the  foregoing 
paper  but  the  projects  referred  to  are  worthy  of  description  and  would 
have  been  included  in  the  paper  if  data  concerning  them  had  been  received 
earlier. 

Quarry  Wastes  Utilized 

Descriptive  drawing  showing  cross-sectional  view  of  asphalt  lun- 
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ways  installed  at  San  Francisco,  California  (Fig.  18)  with  the  accompany- 
ing General  Notes,  illustrates  the  desirability  of  utilizing  low-cost  aggre- 
gates in  runways  and  other  asphalt  surfaces.  In  this  case,  formerly  dis- 
carded quarry  wastes  have  been  used  with  asphalt  to  form  the  base 
courses  at  this  important  Pacific  Coast  airport. 


The  same  type  of  aggregates  was  likewise  employed  in  forming  the 
wearing  surface  on  the  runways  constructed  at  Morgantown,  West  Vir- 
ginia (Fig.  16).  It  will  be  seen  that  the  engineers  at  Morgantown  used 
liquid  asphalt,  RC-2,  to  bind  the  quarry  wastes.  Somewhat  the  same  type 
of  mixture,  wherein  quarry  wastes  were  economically  used,  was  recently 
carried  out  by  the  Kentucky  Highway  engineers.  In  the  latter  case,  a 
kerosene  type  of  cutback  asphalt  (MC-3)  was  the  binding  agent. 
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MECHANICAL  STABILIZATION  USED  IN  CONJUNCTION  WITH 
ASPHALT  RUNWAY  SURFACES 

Where  it  is  more  economical  to  do  so,  and  adequate  stability  can  be 
ecnred,  it  is  good  practice  to  employ  mechanical  stabilization  of  bases 
ather  than  by  means  of  asphalt  or  other  stabilizing  agents  such  as  Port- 
and  cement  or  deliquescent  salts.  Frequently  a combination  of  mechanical 
nd  bituminous  procedure  is  most  economical. 

From  a study  of  the  descriptive  drawing  of  the  Sioux  City,  Iowa  Aii- 
)ort  (Fig.  19),  it  will  be  seen  that  mechanical  stabilization  was  carried 
nit  by  combining  rather  large  gravel,  pea  gravel  and  sand  mixed  with 
latural  soil.  The  stabilized  base  was  primed  with  two-thirds  of  a gallon 
>f  liquid  asphalt,  MC-1,  prior  to  constructing  the  asphaltic  concrete  sur- 
facing of  local  gravel  and  6 per  cent  of  MC-2. 
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At  Concord,  New  Hampshire  (Fig.  20),  the  base  was  made  stable  by 
constructing  bank-run  gravel  placed  in  three  2"  layers  prior  to  placing 
intermediate  course  of  2"  asphalt  penetration.  The  final  course,  or  wear- 
ing surface,  consisted  of  1"  asphalt  penetration  with  seal  coat  in  which 
sand  was  used  as  the  blotting  material. 

Another  New  England  example  of  mechanical  base  stabilization  is 
illustrated  in  Fig.  20-A  showing  the  Portland,  Maine  Municipal  Airport. 
The  fact  that  a 12"  gravel  base  course  was  used  at  Portland,  whereas 
only  a 6"  base  was  used  at  Concord,  New  Hampshire,  may  be  accounted 
for  by  possible  difference  in  subgrade  conditions.  As  noted  earlier  in 
this  paper,  subgrade-surface  thickness  relationship  governs  these  matters 
whereby  no  uniform  thickness  of  bases  can  be  prescribed,  as  the  strength 
of  subgrades  in  different  localities  vary  so  sharply.  It  is  also  to  be  re- 
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nembered  that  gravel  is  very  cheap  in  New  England,  so  that  critical 
hickness  in  respect  to  cost  is  not  so  important. 

The  airport  at  Albuquerque,  New  Mexico  (Fig.  22),  is  another  example 
)f  usirfg  a combination  of  locally  available  soils  to  economically  construct 
i mechanical  type  of  base  stabilization.  It  will  be  observed  that  the  engi- 
neers utilized  pit-run  gravel  and  caliche. 

COMBINED  ASPHALT  STABILIZATION  AND  MECHANICAL 

STABILIZATION 

The  bases  used  in  the  runways  constructed  at  Hartford,  Connecticut 
(Fig.  21),  are  combinations  of  asphalt  stabilization  and  mechanical  stabiliza- 
tion. It  will  be  noted  from  descriptive  drawing  that  the  soil  was  partly 
stabilized  by  addition  of  sand.  This  procedure  did  not  give  desired  re- 
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suits.  Therefore,  the  engineers  combined  mechanical  stabilization  with 
asphalt  stabilization.  This  is  always  good  practice  if  the  economic  factors  j 
revealed  in  a study  of  the  situation  indicate  the  need  for  and  the  possibility! 
of  using  this  dual  form  of  stabilization.  Aside  from  developing  the  de-j 
sired  stability,  this  type  gives  assurance  that  the  integrity  of  the  base  J 
will  be  preserved. 


LOOSE  AGGREGATE  BORDERS 


The  airport  at  Moline,  Illinois  (Fig.  23)  immediately  across  the  river 
from  Burlington,  Iowa,  has  an  unusual  form  of  borders  whereby  loose  gravel 
4"  thick  and  50'  wide  on  each  side  augment  the  100-foot  asphalt  runways 
constructed  with  6 per  cent  of  liquid  asphalt,  MC-3,  and  seal-coated  with  I 
0.15  gallons  of  cutback  asphalt,  RC-2,  per  square  yard.  This  surfacing  j 
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s now  in  the  process  of  being  placed  and  is  expected  to  be  completed 
he  latter  part  of  October,  1938. 

This  plant-mixed  type  of  surfacing  is  being  mixed,  placed  and  rolled 
it  the  rate  of  600  to  800  tons  a day  of  20  hours  each,  beginning  at  2 
l M an(i  ending  at  10  P.  M.  An  interesting  feature  of  this  construc- 
tor! is  the  fact  that  portable,  mobile  flood  lights  are  used  to  advantage 
jn  night  operations.  The  lights  not  only  permit  night  work  being  carried 
jjn,  but  clearly  reveal  surface  inequalities,  permitting  corrections  to  be 
nade  as  work  progresses. 

UPPER  PORTION  OF  BASE  STABILIZED 

The  Municipal  Airport  at  Iowa  City,  Iowa  (Fig.  24)  employs  a form 
)f  base  construction  which  is  a modification  of  asphalt  stabilization 
therein  a composite  form  of  stabilization  and  prime  coating  is  carried 
)ut  by  penetrating  the  upper  portion  of  the  base  with  0.7  gallons  of 
cutback  asphalt,  RC-3,  per  square  yard.  This  4y2"  stone  base  course  serves 
to  support  a wearing  surface  composed  of  stone  chips  and  RC-3  liquid 
asphalt  applied  in  two  applications.  Here  again  it  will  be  noted  that 
glean,  sharp  sand  is  much  favored  as  a cover  coat  for  sealing  asphalt 
surfaces. 

Another  example  of  coarse  sand  blotter  is  shown  in  the  Tucson, 
Arizona  Airport  (Fig.  25)  which  brings  out  quite  clearly  the  pronounced 
trend  toward  use  of  fine-grained  particles  for  seal-coating  purposes.  This 
form  of  construction  clearly  increases  skid-resistance. 

COMBINED  USE  OF  LIQUID  AND  HARD  ASPHALTS 

Holman  Field,  the  municipal  airport  at  St.  Paul,  Minnesota  (Fig.  26) 
reveals  an  example  of  combined  use  of  liquid  asphalt,  identified  as  cut- 
back asphalt  No.  2 (RC-2)  which  is  used  in  concrete  mixers  for  produc- 
ing iy2"  binder  course  on  which  is  being  placed  a 1"  wearing  surface 
I of  asphaltic  concrete  in  which  60/70  penetration  asphalt  cement  is  the 
binder.  The  wearing  surface  on  this  important  Northwest  airport  is  be- 
ing produced  in  the  municipally-owned  asphalt  plant,  whereas,  the  binder 
course  was  mixed  at  the  airport  site  in  concrete  mixers.  The  chief  reason 
jf or  using  these  two  types  of  asphalt  was  to  utilize  to  the  greatest  possible 
extent  WPA  labor,  thus  increasing  the  ratio  of  labor  cost  to  material 

costs. 

LIGHT  COLORED  SURFACING 

Descriptive  drawing  of  the  Municipal  Airport  at  Fort  Wayne,  Indiana 
(Fig.  27)  again  reveals  a pronounced  trend  toward  less  expensive  forms 
of  runway  surfaces.  It  will  be  observed  that  Area  No.  1,  constructed  8 
or  10  years  ago,  cost  approximately  20  per  cent  more  than  the^sur  acmg 
in  Area  No.  2 constructed  in  1936,  exclusive  of  the  item  of  WPA  labor 
required  for  spreading.  It  will  be  noted  that  the  seal  coat  used  m t e 
1936-program  employed  5 pounds  of  limestone-sand  per  squat  e ^aic. 
use  of  fine-grained,  light-colored  aggregates  for  seal  coats,  such  as  lime- 
stone-sand, is  especially  advantageous  on  airports  for  the  reason  that  i 
increases  surface  visibility,  especially  in  night  flying. 
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The  big  Newark  Airport  (Fig.  28)  which  serves  the  metropolitan 
areas  of  that  city — in  addition  to  providing  the  major  portion  of  New 
York  City’s  air  terminal  facilities — is  another  example  wherein  applica- 
tions were  made  of  light-colored  aggregates  to  provide  highly  satisfactory 
surface  visibility. 

BLACK  BASE 

Numerous  examples  of  black  base  type  of  airport  runway  construction 
using  plant-mix  methods,  were  reported — such  as  the  airports  at  Salt  Lake 
City,  Los  Angeles  Harbor  and  Charleston,  South  Carolina.  The  drawing 
showing  the  heavy-duty  air  field  at  Newark,  which  probably  serves  more 
incoming  and  outgoing  planes  than  most  any  other  of  the  country’s  air- 
ports, illustrates  the  use  of  black  base  wherein  penetration  method  of  con- 
struction was  employed,  using  asphalt. 

STAGE-CONSTRUCTION 

The  Newark  Airport  is  located  on  made-land  located  on  what  is  locally 
known  as  “the  Jersey  meadows.”  This  was  a swamp  and,  therefore,  very 
unstable  and  required  a hydraulic  fill  of  5,500,000  cubic  yards.  In  addi- 
tion, 2,000,000  cubic  yards  of  dry  fill,  or  cellar  dirt,  was  hauled  in.  Due 
to  the  unstable  nature  of  the  site,  construction  has  proceeded  relatively 
slow,  whereby  temporary  surfaces  of  oiled  cinders  are  first  constructed, 
and  when  the  subgrade  has  become  reasonably  stable,  the  flexible  asphaltic 
black  base  and  surface  course  has  been  constructed.  This  has  required 
stage-construction  for  which  asphalt  is  notably  adapted. 

* 

PERIODICAL  INSPECTIONS  DESIRABLE 

As  noted  elsewhere  in  this  paper,  thick  films  of  asphalt  are  desirable 
in  constructing  asphalt  mixtures  for  airports,  without  reducing  stability 
below  the  minimum  required  to  prevent  displacement  under  traffic.  It 
is  also  indicated  that  engineers  responsible  for  designing  airport  surfaces 
are  conscious  of  the  need  for  employing  thick  films  of  asphalt  around 
particles  of  aggregate.  This  trend  toward  using  somewhat  larger  quantities 
of  asphalt  than  may  be  necessary  in  mixtures  for  highways,  should  not 
be  regarded  as  making  unnecessary  occasional  surface  treatments  to  pre- 
serve an  impermeable  surface  to  prevent  oxidation  by  action  of  air  and 
water. 

It  is,  therefore,  desirable  that  periodical  inspections  be  made  of  asphalt 
surfaces  of  runways — preferably  in  spring  and  fall  of  the  year — to  deter- 
mine whether  or  not  surface  treatments  are  needed.  The  most  accurate 
method  for  determining  need  for  surface  treating  asphalt  mixtures  is  by 
the  use  of  a test  apparatus,  known  as  the  Permeometer.* 

This  device,  consisting  of  a graduated,  funnel-like  tube  holding  a 
given  quantity  of  water,  is  sealed  tightly  to  cleaned  airport  surfaces 
and  water  poured  into  it.  The  rate  of  leakage  is  then  observed  to  deter- 
mine the  need  for  seal-coating  the  surface. 

* (Detailed  drawing-  showing-  Permeometer  apparatus  is  illustrated  on 
Page  No.  510  of  1938  Convention  Proceedings,  American  Road  Builders’ 
Association). 
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PERMEABILITY  LIMITS 


The  following  rules  concerning  the  need  for  sealing  roadway  surfaces 
have  been  prescribed  by  the  California  Division  of  Highways.  The  same 
rules  seem  equally  appropriate  for  airport  surfaces: 

“Sealing  should  be  required  on  various  surfaces  when  perme- 
ability tests  show  leakage  in  excess  of  2%  cc.  per  sq.  in.  of 
area  tested  in  less  than  the  period  of  time  reported  below: 


On  bituminous  macadam  120  seconds 

On  oil  mixes,  cutbacks,  etc 180  seconds 

On  asphalt  concrete  180  seconds 


PREVENT  PLANT  GROWTH 

Because  of  the  nature  of  traffic  at  airports,  it  is  desirable  to  render 
completely  sterile  the  underlying  soil  to  prevent  the  growth  of  grass 
through  flexible  surfaces.  Grass  will  not  grow  through  flexible  forms 
of  surfacing  in  all  regions  but  certain  types  of  grass  in  some  regions 
will  prove  harmful  unless  the  soil  is  rendered  sterile.  Sterilization  of 
soil  can  be  inexpensively  and  completely  carried  out  with  the  use  of 
chemicals,  such  as  rock  salt  (sodium  chloride)  or  sodium  chlorate.  It 
is  applied  usually  in  crystalline  form  to  the  surface  of  the  soil,  prior 
I to  placing  first  course  of  pavement.  Experts  on  this  subject  are  usually 
to  be  found  at  sub-stations  of  the  Federal  or  State  Departments  of 

j Agriculture. 

* 


Drawings  shown  in  Appendix  give  essential  and  correct  details.  In 
some  cases  slight  changes  have  been  made  to  more  fully  reveal  methods 
of  construction.  In  a few  cases,  drawings  were  redrawn,  based  on  original 
plans  and  other  authentic  descriptive  matter,  to  come  within  appropriate 
I layout  limits. 

An  effort  was  made  to  include  in  the  foregoing  paper  descriptive 
data  of  airport  suitable  for  small,  intermediate  and  large  communities. 
It  was  also  the  writer’s  purpose  to  incorporate  into  it  various  forms  and 
types  of  asphalt  construction  to  illustrate  (a)  simple  surface  treatments, 
(b)  road-mix  types,  (c)  mixed-in-place  construction,  using  traveling  plants, 
(d) ' hot-mixed  types,  (e)  cold-laid  forms  of  plant-mix  construction,  (f) 
asphalt  soil  stabilization,  (g)  sand-asphalt  and  (h)  the  highly  stable 
and  economical  “black  base”  forms  of  construction. 
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Mississippi’s  Experience  With  Loss  in  Penetration 

By 

G.  S.  COVERT,  Jr., 

Assistant  Construction  Engineer 
Mississippi  State  Highway  Department 

! 

Prior  to  1936,  the  only  funds  avail- 
able for  road  construction  in  Mississippi 
here  those  obtained  from  the  Government 
js  direct  grants  for  unemployment  or 
ounty  bond  issues  used  to  match  Federal 
lid.  As  a consequence,  our  State  High- 
way System  of  nearly  six  thousand  miles 
;as  mostly  gravel,  and  the  alignment  of 
he  horse  and  buggy  vintage. 

It  was  not  until  1932,  therefore,  in 
he  First  Emergency  Program,  that  any 
ot-mix  asphalt  pavements  were  laid.  At 
bis  time  contracts  were  awarded  for  20 
liles  of  41/2"  asphaltic  concrete  pave- 
ment consisting  of  a 3"  asphaltic  concrete 
ase  course  with  a 1%"  modified  Topeka 
rearing  course.  The  base  course  design 
jpecified  that  50%  of  the  aggregate  should 
ie  crushed,  which  necessitated  shipping  in 
lag  from  Birmingham,  or  crushed  gravel,  as  no  crushed  limestone  or 
rap-rock  is  available  in  Mississippi.  For  the  wearing  course  95%  of  the 
Aggregate  retained  on  the  No.  4 mesh  sieve  was  crushed.  The  apparent 
pecific  gravity  was  about  2.25,  making  the  density  (%  of  theoretical), 
12%.  40-50  penetration  asphalt  was  used,  the  majority  of  the  cars  having 
t penetration  of  43-45  @ 77°  F.  The  addition  of  this  long  haul,  expensive 
naterial,  therefore,  ran  the  cost  of  these  projects  up  to  $16,000.00  per 
nile  for  the  paving  items. 

These  pavements  were  laid  on  an  8"  compacted  sand-clay  gravel 
3ase,  having  a P.  I.  of  6 to  8 with  a L.  L.  of  25.  Unfortunately,  however, 
jchis  gravel  base  was  placed,  in  many  sections,  on  a very  active  clay 
subsoil,  which  classifies  as  an  A-6  material,  our  Soils  Laboratory  at  that 
time  being  in  its  infancy. 

Some  two  or  three  years  after  completion,  it  was  noted  that  on  some 
sections  of  these  projects  excessive  cracking  was  developing.  Samples 
taken  indicated  this  cracking  to  be  confined  to  the  wearing  surface 
only  and  was  not  in  evidence  in  the  base  course.  This  cracking  was  in 
evidence  only  on  those  sections  of  bad  soil,  but  there  was  no  deforma- 
tion  in  cross-section. 

This  condition  progressed  to  where  some  cracking  developed  ovei 
most  of  the  project,  and  samples  taken  when  the  pavement  was  five 
years  old  showed  the  cracks  had  progressed  into  the  base  course,  and 
the  penetration  of  the  asphalt,  by  the  Abson  method,  was  down  to  24, 
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a loss  of  44%  in  five  years.  Those  sections,  however,  where  the  sub- 
base  was  of  good  soil,  show  considerably  less  cracking,  in  some  instances 
no  cracking  at  all. 

These  results  check  with  the  results  obtained  in  other  States  as  to 
loss  in  penetration.  It  would  appear,  however,  that  a part  of  this  crack- 
ing is  due  to  the  so  called  “drying  out”  of  the  mix,  rather  than  to 
the  hardening  of  the  asphalt.  The  conclusion  is  reached,  therefore,  that 
to  the  quantity  of  asphalt  used,  as  well  as  the  loss  in  penetration,  can 
be  attributed  the  cause  of  this  cracking.  It  is  obvious,  therefore,  that 
the  quantity  of  asphalt  cement  used  should  be  the  maximum  without  , 
producing  a slippery  surface. 

It  is  interesting  to  note  that  the  surface  course  mixtures  which, 
in  general,  contain  not  less  than  6%  of  the  mass  passing  the  No.  200 
mesh  sieve,  show  a loss  of  ten  to  fifteen  per  cent  less  than  the  more 
open  mixtures,  such  as  are  generally  used  in  base  courses.  We  are  running 
frequent  checks  on  the  penetration  loss  from  various  plants  in  operation, 
and  find  that  the  average  loss  in  penetration  occurs  in  the  mixer  box.  i 
A sample  of  the  raw  asphalt  is  obtained  on  the  mixer  platform  as  it 
enters  the  mixer  box,  and  a sample  of  the  completed  mix  taken  from  the 
truck  as  the  mix  is  discharged  into  it.  With  a mixing  time  of  45  and 
15  seconds,  a loss  of  12  to  15%  occurs  on  80  penetration  asphalt  from 
mixer  box  to  truck.  Samples  taken  from  the  completed  pavement  several 
days  after  final  rolling  show  no  further  loss. 

One  plant  with  a rotary  type  mixer  is  in  operation  in  Mississippi, 
and  several  pug  mill  plants.  Tests  have  been  made  to  see  if  the  type 
paving  plant  affects  in  any  way  the  loss  in  penetration.  To  date  we  have 
been  unable  to  detect  any  difference. 

The  mixing  temperature  on  all  our  work  is  determined  by  the  mini- 
mum temperature  required  to  properly  dry  the  aggregate.  This  tempera- 
ture does  not  exceed  325°  F.  and  is  more  frequently  around  250°.  Be- 
tween a mixing  temperature  of  235°  and  350,°  the  loss'  in  penetration 
is  the  same  with  the  same  mixing  period,  which  indicates  that  oxidation 
due  to  agitation,  rather  than  high  temperature,  is  the  cause  of  the  pene- 
tration loss.  This  is  further  borne  out  by  one  small  pug  mill  plant  on 
which  the  mixing  time  was  set  for  IV2  minutes.  The  loss  was  25%  in 
the  mixer  box,  using  a 200  penetration  asphalt. 

Recently  a local  aggregate  deposit  has  been  developed  that  has  a 
loss  by  wash  of  10  to  15%.  Of  this  material  approximately  5%  is  clay 
having  a low  P.  I.  Extractions  made  with  benzene  appear  to  give  er- 
roneous results,  as  a portion  of  the  asphalt  cement  is  adsorbed  by  the 
clay  particles  to  such  an  extent  that  the  benzene  cannot  dissolve  them. 
As  a consequence,  it  appears  that  all  of  the  bitumen  cannot  be  recovered 
from  the  mix  by  the  usual  methods,  and  it  is  believed  that,  under  such 
conditions,  the  results  obtained  are  not  indicative  of  the  actual  penetra- 
tion of  the  asphalt  in  the  pavement.  Laboratory  mixes  using  this  ma- 
terial have  been  sent  to  a commercial  laboratory,  as  well  as  the  Arlington 
Farms  Laboratory,  for  a check  on  our  methods.  We  are  unwilling  at  this 
time,  however,  to  venture  any  conclusions,  but  our  investigations  indicate 
that  all  of  the  bitumen  must  be  recovered  to  obtain  accurate  results. 
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On  inverted  penetrations  we  have  noticed  that  on  some  projects  the 
aggregate  is  gradually  whipped  off  while  the  surface  remains  intact. 
This  will  eventually  result  in  a slippery  section,  and  gives  the  surface 
a rather  “ mangy”  appearance.  Due  to  our  use  of  tar  prime  on  this  work, 
we  are  unable  to  determine  the  penetration  on  the  recovered  asphalt,  but 
believe  that  there  is  a considerable  loss  in  penetration. 

From  the  work  done  in  our  Laboratory  and  the  reports  on  work 
done  by  other  States,  a voluminous  mass  of  data  on  the  behavior  of  as- 
phalts is  being  obtained.  These  data  are  sometimes  so  inter-related  and 
obtained  from  so  many  different  angles  of  approach  as  to  be  confusing. 
From  this  work,  however,  we  believe  the  behavior  of  plant  mix  work 
in  Mississippi  will  permit  one  conclusion  to  be  reached.  This  conclusion 
is  that  the  use  of  softer  asphalts,  while  desirable,  will  not  entirely  elimi- 
nate detrimental  cracking,  unless  the  maximum  asphalt  content  per- 
mitted by  safe  practice  is  used.  It  is  felt  that  this  is  particularly  true  in 
the  South,  where  cracking  of  asphaltic  types  of  pavement  constructed 
on  an  adequate  base  has  resulted  as  much  from  a lack  of  asphalt  as 
from  a loss  in  penetration. 
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Plantmix  Bituminous  Surface  Construction 

in  Nevada 

By 

HUSTON  D.  MILLS 

Assistant  State  Highway  Engineer 
State  of  Nevada  Department  of  Highways 

During  the  year  1932  Nevada  placed 
its  first  plantmix  bituminous  surface.  While 
the  construction  of  this  type  of  surface  was 
experimental  with  us,  sufficient  informa- 
tion was  at  hand  from  other  states  to 
lead  to  the  belief  that  it  would  prove 
successful  and  warrant  the  additional  cost 
over  and  above  the  cost  of  road-mixes. 

This  surface  was  laid  on  a plantmix 
crushed  rock  base,  and  a brief  descrip- 
tion of  the  construction  methods  employed, 
together  with  specifications  for  both  base 
and  surface,  follow.  A four  inch  compacted 
thickness  of  base  and  three  inch  compacted 
surface  were  required. 

CRUSHED  ROCK  BASE  COURSE 
Grading  of  Mineral  Aggregates 


Passing  2%  inch  screen,  circular  openings  100% 

Passing  3 mesh  sieve  — — 30-  50% 

Passing  200  mesh  sieve  7-  14% 

Proportioning  and  Mixing 


The  material  was  separated  into  two  sizes  on  three  mesh  screen  and ; 
each  size  stored  in  a separate  bin.  These  two  sizes  of  material  were 
recombined  in  proper  proportion  within  the  limits  specified.  The  properly 
proportioned  aggregates  were  then  mixed  with  water  at  a central  mixing 
plant  in  either  a rotary  drum  or  pug  mill  type  mixer.  Sufficient  water 
was  used  to  thoroughly  dampen  the  material  and  prevent  segregation. 
This  required  between  nine  and  eleven  gallons  per  ton  of  dry  aggregate. ; 

Placing 

The  material  was  placed  in  one  course  on  approved  subgrade  using 
Hempbell  type  spreader  boxes  in  order  to  secure  the  required  tonnage  per 
station.  It  was  then  spread  with  blades  to  proper  crown  and  cross  section. 

Compaction 

The  material  was  compacted  by  rolling  with  8-ton  tandem  rollers. 
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It  was  then  finished  by  adding  water  and  rolling  until  a thin  grout 
flushed  along  ahead  of  the  roller.  Immediately  after  the  surface  dried 
sufficiently,  a prime  coat  of  light  fuel  oil  corresponding  to  SC-1A  was 
applied  at  the  rate  of  % gallon  per  square  yard  of  surface.  Prior  to 
applying  the  prime  coat,  the  surface  was  thoroughly  broomed  to  re- 
move all  loose  particles. 

PLANTMIX  BITUMINOUS  SURFACE  COURSE 

Grading  of  Aggregate 


Passing  1 inch  screen,  circular  openings  100% 

Passing  No.  3 mesh  sieve 40-  70% 

Passing  No.  10  mesh  sieve  35-  60% 

Passing  No.  200  mesh  sieve 7-  14% 


Proportioning  and  Mixing 

The  material  was  separated  into  two  sizes  on  three  mesh  screen 
and  each  size  stored  in  separate  bin.  These  two  sizes  were  recombined  in 
proper  proportions  within  the  limit  specified.  All  material  was  pro- 
portioned accurately  by  weight. 

The  properly  proportioned  aggregate  was  passed  through  a dryer 
and  then  mixed  with  cutback  asphalt  similar  to  an  MC5  in  pug  mill 
type  mixer.  The  amount  of  cutback  asphalt  used  averaged  4.8%  of  the 
weight  of  the  dry  aggregate.  The  mixed  material  reached  the  road  at 
a temperature  of  between  175°  and  200°  F. 

Placing 

The  material  was  placed  in  one  course  on  the  approved  base,  using 
spreader  boxes.  It  was  then  spread  uniformly  to  the  depth  loose  which 
would  give  the  compacted  thickness  required.  Immediately  after  being 
spread,  the  material,  except  the  bottom  one  to  one  and  one  half  inches, 
was  bladed  into  a windrow  on  one  side  of  the  road  and  then  evenly 
spread  over  the  entire  surface.  This  operation  was  repeated  if  found 
necessary  until  the  entire  surface  had  a uniform  texture,  smooth,  true 
to  cross  section  and  profile,  and  uniformly  compacted. 

Rolling 

Rolling  operations  were  performed  with  8-ton  tandem  rollers  travel- 
ing longitudinally  and  progressing  inward  from  the  shoulders. 

The  plantmix  base  was  constructed  to  a width  of  twenty-two  feet 
j and  the  surface  to  a width  of  twenty  feet. 

The  surface  on  this  project  was  not  sealed  until  two  years  after 
i completion.  Unit  prices  were : Base,  $1.32  per  ton ; Surface,  $2.28  per  ton. 

The  price  for  surface  course  includes  the  cost  of  asphalt.  The  cost  per 
mile  for  base,  including  prime  coat,  was  $3,800  and  for  surface  course, 
$4,400. 

At  this  writing  the  surface  shows  few  signs  of  breaking  up,  and  al- 
though  there  has  been  some  fill  settlement  even  at  these  points,  it  re- 
I tains  its  original  liveness  and  waterproof  texture. 

I 


Since  this  first  job,  we  have  experimented  with  various  types  of 
asphalts  and  made  slight  changes  in  aggregate  grading  requirements,  also 
in  method  of  placing,  spreading,  and  finishing.  The  principal  changes 
of  modifications  in  the  specifications  consist  of  the  following : 

Aggregates 

The  mineral  aggregates  are  now  required  separated  into  three  sizes, 
each  size  stored  in  a separate  bin.  The  bin  sizes  are : 

No.  1 Bin  — 1 inch  to  No.  3 
No.  2 Bin  — No.  3 to  No.  10 
No.  3 Bin  — Minus  No.  10 

Combined  grading  specified. 


Passing  1 inch  screen,  square  openings  100% 

Passing  % inch  screen  65-  80% 

Passing  No.  4 45-  60% 

Passing  No.  10  .....30-  45% 

Passing  No.  40  15-  35% 

Passing  200  mesh  5-  12% 


Bituminous  Binder 

Lately  we  have  been  specifying  90  to  95  asphalt  or  SC6,  but  have 
used  SC4,  MC3  and  4,  and  95  plus  with  varying  results. 

Spreading  and  Finishing 

Two  mechanical  spreading  and  finishing  machines  were  tried,  re-  ■ 
suiting  in  the  following  specification : 

“The  paver  shall  be  an  approved,  self-propelled  type  which 
will  spread  and  strike  off  a width  equal  to  one  travel  lane  (mul-- 
tiples  of  ten  or  eleven  feet),  in  such  manner  that  no  supplemental 
shaping  will  be  required.  It  shall  be  so  designed  that  neither  the 
traction  nor  the  main  load  of  the  paver  will  be  carried  on  the 
uncompacted  mix  and  shall  be  equipped  with  an  agitator,  prefer- 
ably of  the  pug  mill  type.  The  paver  shall  spread  the  material 
evenly  and  with  uniform  density  and  strike  it  off  true  to  the  re- 
quired cross  section.  Screeds  shall  not  follow  minor  irregularities 
in  the  base,  shall  be  readily  adjustable,  and  shall  be  provided 
with  gauges  for  accurate  control  of  depth  of  spread.” 

Rolling  is  performed  with  8-ton  tandem  rollers  in  the  same  manner 
as  previously  outlined. 

We  have  not  been  entirely  satisfied  with  the  surface  obtained  using 
the  mechanical  spreaders  as  on  practically  every  job  bumps  developed 
which  could  not  be  smoothed  out  with  the  tandem  rollers.  This  sur- 
face roughness  is  attributed  to  the  starting  and  stopping  of  the  ma- 
chine and  also  to  varying  compaction  caused  each  time  a load  is  dumped 
in  the  hopper.  On  one  job  a three-axle  tandem  roller  was  specified  in 
an  endeavor  to  secure  a smoother  riding  surface.  The  results  obtained 
proved  much  more  satisfactory,  and  this  type  of  roller  will  be  required 
on  all  future  jobs  where  a mechanical  finisher  is  specified. 
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We  have  found  that  a smoother  riding  surface  results  from  spread- 
ing and  finishing  plantmix  material  with  blades,  but  of  course  when  the 
heavier  asphalts  are  specified  this  method  can  not  be  employed. 

Present  design  requires  a twenty-two  foot  width  of  plantmix  bitumi- 
nous surface  of  a compacted  thickness  of  two  and  one-half  inches  placed 
on  a four-inch  compacted  thickness  of  plantmix  crushed  rock  base  which 
is  not  less  than  twenty-four  feet  in  width. 

On  last  year’s  projects,  we  experimented  by  placing  a bituminous 
seal  on  all  plantmix  surfaces.  This  consisted  of  a seal  coat  of  approxi- 
mately one  fifth  gallon  of  penetration  type  emulsified  asphalt  covered 
with  fifteen  pounds  per  square  yard  of  screenings  graded  from  one-half 
inch  to  No.  10  in  size.  The  screenings  were  immediately  broomed  with 
a drag  broom  and  rolled. 

Low  bid  prices  during  the  past  two  years  for  plantmix  bituminous 
surfaces  and  plantmix  crushed  rock  base  range  from  $1.86  to  $3.13  per 
ton  for  the  former  and  $0.88  to  $1.45  per  ton  for  the  latter.  The  average 
cost  per  mile  is  $3,960  for  the  base  and  $4,590  per  mile  for  the  surface. 

Naturally  prices  vary  according  to  the  magnitude  of  the  job,  loca- 
tion of  material  deposits  in  relation  to  the  project,  ease  of  production  of 
the  aggregate,  and  proximity  of  rail  facilities  for  bituminous  materials. 
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Record  of  Construction  of  Black  Base  Asphalt  Macadam 

Penetration  Type 

OKLAHOMA  F.  A.  P.  22-A  (Reop.) 

COMANCHE  COUNTY 

By 

CARL  R.  REID, 

Engineer  of  Materials, 

Oklahoma  State  Highway  Commission 

The  project  here  described  included 
6.293  miles  of  Asphalt  Macadam  Base 
Course,  six  (6)  inches  compacted  thick- 
ness and  24  feet  in  width,  on  U.  S.  High- 
way 277  South  from  the ‘City  of  Lawton. 

The  soils  survey  of  the  completed 
grade,  made  prior  to  the  preparation  of 
plans  for  surfacing  improvement,  indi- 
cated quite  uniform  extents  of  Type  A-6 
and  A-7  soils  on  rolling  grade  line.  There 
appeared  to  be  no  possibility  of  high- 
ground-water,  and  no  variation  in  soil 
strata  could  be  found  which  would  likely 
produce  side-hill  seepage,  and  necessitate 
extra  thickness  of  base  or  special  drain- 
age. 

The  Department  believed  it  desirable 
to  place  in  this  type  subgrade  a higher 
type  base  course  than  soil-bound  gravel 
or  stone,  or  one  which  would  likely  provide  ample  stability  for  the 
medium  to  heavy  traffic  which  this  highway  carries.  Since  the  gravel 
or  stone  base  courses  would  require  a bituminous  surface  course,  it  was 
decided  to  construct  the  Macadam  type  aggregate  penetration  base  in 
two  courses,  and  use  this  construction  as  a finished  surface  during  its 
economical  life  as  such,  then  complete  this  with  a dense  graded  surface 
course.  This  seemed  desirable,  also,  from  the  fact  that  a large  commercial 
limestone  quarry  was  located  only  12  miles  North  of  this  project,  and, 
many  other  sections  of  the  State  could  be  economically  supplied  with 
crushed  stone  should  this  type  of  “Stage  Construction”  prove  success- 
ful. 

The  only  work  of  Asphalt  Macadam  penetration  type  construction 
had  been  the  3 to  4 foot  widening  of  existing  18  foot  pavements  at  a 
few  locations  adjacent  to  the  larger  centers  of  population.  This  work 
was  done  in  all  cases  by  State  Forces,  and  would  not,  of  course,  afford 
us  the  necessary  experience  as  compared  to  full  width  roadway  con- 
struction. 

The  specifications  for  this  project,  therefore,  were  not  a result  of 
our  knowledge  of  the  detailed  requirements,  or  developed  by  our  ex- 
perience, but  were  selected  from  the  standards  most  commonly  appearing 
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in  State  Highway  Department  specifications,  and  as  recommended  by 
the  Asphalt  Institute,  and  the  Bureau  of  Public  Hoads. 

Macadam-type  aggregate  was  to  pass  2%"  square,  90%+  passing 
the  2",  5 to  25  passing  the  1%",  and  not  over  5 passing  the  The 

key  rock  was  passing  the  1"  square  and  graded  uniformly  to  a maximum 
of  15%  pass  the  No.  4,  with  the  cover  chips  starting  at  and  not 

more  than  5%  passing  No.  10.  The  binder  material  was  asphaltic  cement 
85-100  penetration.  The  work  to  be  constructed  in  two  courses  with  the 
usual  construction  methods  of  leveling,  rolling,  applying  A.  C.,  filling 
or  choking  with  key  rock,  and  rolling  and  shooting  the  first  course.  The 
same  procedure  for  the  second  course,  with  the  addition  of  cover  chips 
and  finishing  the  surface  with  a minimum  of  %"  variation  on  a 10 
foot  straight  edge.  Side  forms  were  to  be  provided  until  work  was 
satisfactorily  advanced  that  they  might  be  removed  and  the  earth  shoulder 
rolled  into  the  edge  of  the  completed  base. 

A number  of  contractors  submitted  bids,  which  were  based  on  quota- 
tion from  three  different  sources  of  aggregate  available  near  the  work,  and 
several  sources  for  asphaltic  material.  The  contract  was  awarded  to  the 
R.  R.  Ryan  Construction  Company  of  Oklahoma  City. 

When  shipments  of  the  base  rock  were  to  be  made  difficulties  de- 
veloped at  the  quarry.  Our  plant  materials  inspector  and  the  producer 
found  that  only  a limited  volume  of  this  type  aggregate  could  be  pro- 
duced. Some  deliveries  were  made  to  the  job,  with  slight  excess  passing 
the  1%"  and  the  while  further  efforts  were  being  made  to  adjust 
the  equipment  to  increase  production.  During  this  time  a complete  new 
set  of  square  mesh  screens  were  ordered  delivered  by  express  and  in- 
i stalled  in  an  effort  to  produce  adequate  quantity  of  materials.  On 
further  runs  it  was  evident  the  character  of  the  stone  and  crushing 
i equipment  could  not  produce  more  than  25Q  tons  of  aggregate  per  day 
with  25%  or  less  passing  the  1%"  square  sieve. 

The  Contractor  could  not  expect  to  keep  a construction  crew  avail- 
able for  such  small  production.  To  stock  pile  the  total  quantities  re- 
quired and:  then  proceed  with  placing  the  aggregate  and  constructing 
the  road  would  have  carried  the  work  late  into  the  fall.  This,  of  course, 
was  not  contemplated  and  would  mean  excessive  delay  and  expense  to 
the  Contractor,  and  the  stone  producer,  and  the  Highway  Department, 
and  with  such  difficulty  in  production  of  aggregate,  the  State  Highway 
Department  could  not  hope  to  develop  this  type  of  construction  for 
general  use. 

The  question  then  arose  as  to  whether  or  not  it  was  absolutely  neces- 
sary to  the  success  of  the  work  that  this  grading  for  Macadam  Aggregate 
be  used.  It  was  decided  to  make  a field  investigation  of  this  feature. 
It  was  our  ’assumption  that  the  coarse  grading  of  the  aggregate  specified 
was  to  permit  -adequate  penetration  and  coverage  by  the  Asphaltic  Cement. 
We  believed  that  a reasonable  increase  in  fines,  possibly  down  to  the 
such  that  ample  production  could  be  developed  at  the  quarry, 
would  not,  by  comparison,  be  inferior  in  any  respect  to  the  coarser  ma- 
terial as  specified. 
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A decision  was  finally  reached  with  the  Contractor,  Producer,  and 
Engineers,  to  place  and  complete  on  the  road  a half-day’s  production 
each  of  two  gradings  of  aggregate  with  increased  fines.  These  sections 
to  be  completed  in  every  respect  as  the  coarser  aggregate,  including 
the  key  rock,  and  that  upon  completion  an  examination,  and  tests  if 
necessary,  would  be  made  of  the  completed  work,  to  determine: 

1.  Whether  a sufficient  quantity  of  Asphaltic  Cement  could  be  intro- 
duced into  the  finer  graded  material  by  penetration. 

2.  Whether  or  not  such  application  at  the  approximate  quantities 
specified  would  provide  ample  or  comparable  coating  or  coverage 
of  the  aggregate. 

3.  Whether  the  key  rock  as  specified  would  be  satisfactory. 

Upon  completion  by  the  Contractor  of  the  work  with  the  two  addi- 
tional types  or  gradings  of  aggregate,  Engineers  of  the  Highway  Depart- 
ment and  the  Bureau  of  Public  Roads  made  a thorough  examination.  The 
Contractor’s  and  Resident  Engineer’s  organization  indicated  that  the  ap- 
plication of  the  asphaltic  cement  was  not  appreciably  affected.  Examina- 
tion through  the  thickness  of  the  work  in  the  several  gradings,  with  the 
same  rate  of  application,  showed  that  with  the  base  aggregate  of  finer 
grading,  only  a slight  apparent  reduction  of  coverage  of  the  aggregate 
was  indicated.  It  was  also  apparent  that  application  of  key  rock  would 
not  be  affected  materially  as  to  quantity  of  methods  of  handling,  but 
would  be  improved  with  slight  increase  in  fines. 

It  was,  therefore,  decided  that  the  project  would  be  satisfactory 
with  a change  in  specification  of  the  aggregates  to  permit  a satisfactory 
rate  of  production,  which  would  in  turn,  permit  the  Contractor  to  pro- 
ceed with  the  construction  at  a normal  rate.  The  change  in  aggregate 
grading  was  requested  and  approved  for  base  rock  and  key  rock  to  the 
following : 

COARSE  AGGREGATE  KEY  ROCK 


Original 

Original 

Planned 

Change  to 

Planned 

Change  to 

Per  Cent 

Per  Cent 

Per  Cent 

Per  Cent 

Passing 

2%"  

100 

No  Change 

Passing 

2"  

90-100 

No  Change 

Passing 

i y2" 

5-  25 

30-60 

Passing 

1"  

100 

100 

Passing 

%" 

0-  5 

0-15 

95-100 

100 

Passing 



65-  90 

60-100 

Passing 

%" 

0-  5 

35-  65 

30-  70 

Passing 

No.  4 

0-  15 

Passing 

No.  10  

0-  0 

0-  5 

Thereafter  no  delays  were  had  in  production  and  delivery  of  aggre- 
gates and  satisfactory  progress  was  made  by  the  Contractor.  The  work 
was  completed  on  July  14,  1938. 

Close  records  were  kept  and  furnished  us  by  Major  W.  P.  Danford, 
Resident  Engineer  on  the  Project,  and  indicated  that  the  planned  quantity 
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of  bituminous  material  of  0.6  gallon  per  square  yard  per  inch,  or  1.8 
gallon  per  square  yard  on  each  course  of  coarse  aggregate  was  ap- 
proximately the  right  amount  for  the  finer  graded  material,  whereas,  on 
the  preliminary  work  with  the  coarse  graded  Macadam  aggregate,  a 
considerable  increase  in  asphalt  was  used  in  order  to  approximately  fill 
the  voids.  With  exception  then  of  the  approximately  72  Stations  of  first 
course,  and  65  Stations  of  top  course  completed  with  the  original  specifi- 
cation aggregate,  the  project  was  completed  with  the  finer  graded  ma- 
terial. The  record  of  the  quantities  of  aggregates  and  asphalt  for  this 
part  of  the  work  compared  very  closely  with  the  original  estimate  of 
quantities. 

Approximately  10%  overrun  in  base  rock  was  due  to  some  loss  by 
compression  into  subgrade  by  heavy  rollers.  Various  rates  of  applica- 
tion of  key  rock  is  shown  by  the  field  records  at  from  25  to  40  pounds 
per  square  yard,  cover  chips  at  25  pounds  as  specified. 

The  base  rock  used  averaged  slightly  more  than  50%  passing  l1/^"  with 
the  maximum  66%,  and  in  this  case  8%  passed  the  %"  and  only  2% 
passed  the  Key  rock  averaged  in  the  limits  of  the  specifications 

with  less  than  3%  passing  the  10  mesh.  Cover  chips  averaged  close  to  the 
upper  limit  of  35%  passing  the  No.  4 and  averaged  very  close  to  2% 
passing  the  No.  10.  Asphaltic  Cement  tests  of  individual  cars  showed  the 
lowest  penetration  to  be  86  with  the  highest  97.  Test  for  penetration  of 
material  coming  through  the  distributor  at  about  325°  F.,  indicated  no 
change  in  character.  After  30  days  the  penetration  was  found  to  be  59. 

The  project  records  show  that  the  subgrade  was  well  shaped  and 
thoroughly  compacted.  Much  delay  was  encountered  in  the  first  six 
weeks  due  to  rains,  making  it  impractical  to  lay  base  rock  thereon, 
and  long  sections  of  finished  base  had  to  dry  out  before  the  second  course 
could  be  applied.  Rains  on  completed  sections  indicated  the  specification 
seal  would  not  keep  the  water  out  of  the  pavement,  but  the  base  seal 
of  asphalt  appeared  sufficient  to  prevent  any  objectionable  saturation 
of  the  earth  subgrade.  Since  deep  frost  is  a very  rare  occurrence  in  the 
area  it  is  possible  this  will  cause  no  appreciable  loss  in  stability.  Recent 
soundings  after  several  weeks  of  dry  hot  weather  indicated  pockets  or 
pools  of  free  water  in  the  lower  base,  on  the  sealed  and  dry  subgrade, 
and  the  same  condition  on  the  upper  course  where  surplus  asphalt  pene- 
trated to  and  sealed  on  the  top  of  the  first  course. 

No  other  unusual  conditions  were  noted  during  the  progress  and  com- 
pletion of  the  work.  The  construction  methods  as  set  out  in  the  specifica- 
tions were  followed  closely,  and  every  possible  effort  made  with  modern 
equipment  available,  to  secure  full  compliance  with  the  specifications 
as  to  surface  finish  on  both  the  lower  and  the  top  or  finish  course.  It 
is  evident,  however,  at  this  time  that  some  important  detail,  method, 
procedure,  pr  piece  of  equipment  was  left  out,  since  it  is  found  the 
smoothness  or  r-iding  qualities  of  the  finished  project  are  very  unsatis- 
factory. We  believe  this  is  not  in  any  measure  due  to  carelessness  on 
the  part  of  either  the  Engineer’s  organization  or  the  Contractor  but 
probably  due  to  lack  of  skilled  workmanship  with  which  none  of  us  were 
experienced.  It  could  be  a lack  of  thorough  “keying”  and  “spot-leveling” 
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of  the  base  rock  under  rolling;  that  the  base  rock  was  not  rolled  or  keyed 
to  stability;  that  key  rock  was  introduced  in  too  great  an  amount  and  an 
unequal  application,  or  rolling  of  key  rock  undertaken  before  asphalt  : 
had  cured  or  set  up  sufficiently,  developing  a lubricating  or  shoving 
effect  under  rolling  which  could  not  be  worked  out  with  key  rock  or 
cover  chips.  Any  of  these,  or  a combination  of  them  might  be  responsible.  I 
We  are  inclined  to  the  conclusion  that  this  type  of  construction  and  our 
general  construction  methods  should  produce  a satisfactory  finish  capable  j 
of  serving  the  traveling  public  over  a period  of  several  years  with  very  | 
little  maintenance  cost.  It  is  apparent  that  we  must  develop  the  construe-  i 
tion  technique  for  certain  of  these  details  which  call  for  experienced  j 
operation  of  machinery  or  equipment,  or  handling  of  materials,  that  , 
is  often  so  necessary  to  success  in  many  types  of  construction  activities.  ! 

Whether  more  of  this  type  will  be  constructed  in  Oklahoma  will,  of  : 
course,  depend  largely  upon  future  behavior  of  this  project  and  its  main- 
tenance cost. 
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SECTION  IV 

Maintenance  of  Bituminous  Surfaces 
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A Review  and  Condensation  of  the  Papers  Submitted 
by  the  Committee  on  Maintenance 

By 

A.  B.  NT)  SB, 

State  Highway  Engineer 
Kansas  State  Highway  Commission 
Topeka,  Kansas 


(1)  MAINTENANCE  ORGANIZATION  — GANGS  VS.  SECTION  CREWS. 

Mr.  Forrer,  Maintenance  Engineer  for  Virginia,  has  expressed  the 
opinion  that  there  is  a place  for  both  gang  work  and  section  crew  or  patrol 
units. 

Gang  ^maintenance  is,  according  to  Mr.  Forrer,  best  suited  to  roads 
not  highly  improved,  that  require  such  work  as  replacement  of  materials, 
ditch  work  and  gradual  improvement  of  the  surface.  One  objection  to 
the  patrol  system  is  the  inefficiency  during  periods  when  the  weather  is 
dry  and  the  roads  smooth.  By  combining  five  or  six  patrolmen  into  a 
gang  during  such  periods  of  inactivity,  pits  and  crushers  may  be  operated 
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and  much  work  performed  which  would  be  impossible  with  an  exclusive 
patrol  system.  These  gangs  can  be  returned  to  small  units  when  the 
weather  and  road  conditions  demand. 

The  section  crew  is  best  suited  to  higher  type  roads  which  have 
been  properly  constructed,  each  crew  taking  care  of  about  a 60  mile 
section. 

Mr.  Forrer  believes  that  considerable  latitude  should  be  given  the 
Maintenance  Engineer  to  set  up  the  organization  best  suited  to  the  con- 
ditions. 

The  Montana  organization,  according  to  Mr.  AY.  J.  Leary,  Division 
Engineer  at  Butte,  is  organized  with  both  section  crews  and  gangs.  The 
sectionmen  handle  all  regular  routine  maintenance  over  their  definite 
section. 

During  the  spring  and  summer  months,  special  crews  are  sent  through- 
out the  state  to  do  different  types  of  special  work. 

In  this  manner,  the  advantages  of  both  organizations  are  secured. 

Mr.  Reindollar,  Assistant  Chief  Engineer  of  Maryland  recommends 
a combination  to  suit  conditions  with  section  crews  for  routine  main- 
tenance and  gangs  for  extraordinary  or  special  maintenance  such  as  re- 
surfacing of  sections  too  small  to  contract. 

Conclusion : Both  types  of  organization  apparently  have  a place  in 
a maintenance  department  with  work  of  the  special  gang  most  often 
supplementing  that  of  the  sectionmen  or  crew. 

(2)  PROPER  DECISION  AS  TO  WHETHER  TO  PATCH,  SEAL,  REMIX, 
RETREAT  OR  REPLACE  BITUMINOUS  SURFACES. 

Proper  decision  as  to  whether  to  patch,  seal,  remix,  retreat  or  re- 
place bituminous  surfaces  answered  by  five.  From  the  answers  it  appears 
to  be  well  agreed  that  an  analysis  of  figures  and  the  extent  of  necessary 
repairs  are  the  primary  factors  in  determining  the  type  of  repair. 

Mr.  AY.  J.  Slavin,  County  Highway  Engineer  for  Livingston  County, 
Michigan  believes  that  finances  and  economics  determine  largely  the 
repairs  to  be  made.  Patching  is  permissable  within  reasonable  limits,  but 
where  excessive,  either  the  thickness  of  the  surface  should  be  increased 
or  the  stability  of  the  base  increased  to  carry  the  load. 

Mr.  F.  H.  Klietsch,  Maintenance  Engineer  for  Nebraska  divides  the 
factors  which  will  affect  the  decision  as  to  time  and  method  of  repair 
into  two  classes : direct,  or  those  based  on  an  analysis  of  actual  condi- 
tions, and  indirect,  or  those  based  on  finances  and  facilities  available 
for  making  the  repair. 

As  an  analysis  of  actual  conditions,  Mr.  Klietsch  recommends  that 
an  investigation  of  the  cause  of  failure  be  made  before  repairs  are  made, 
as  to  whether  subgrade,  base  or  surface  is  the  cause  of  failure.  Determina- 
tion of  the  true  cause  of  failure,  and  its  correction,  will  eliminate,  to  a 
great  extent,  repeated  failures  after  repairs  have  been  made. 
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Mr.  D.  D.  Williamson  of  the  Asphalt  Institute  states  that  four  main 
factors  should  he  considered : 

1.  Earning  capacity  of  the  road. 

2.  Available  finances. 

3.  Condition  of  base. 

4.  Surface  and  percentage  needing  repairs. 

On  the  latter,  Mr.  Williamson  believes  that,  in  general,  a general 
repair  is  necessary  when  25%  or  more  of  the  surface  requires  attention. 

Mr.  S.  M.  Rudder  of  Missouri  outlines  the  factors  affecting  a deci- 
sion as  follows : 

1.  Classification  as  to  base  or  surface  failure. 

2.  Alignment  factor,  permanent  or  temporary  location. 

3.  Influence  of  the  season  in  which  repairs  are  to  be  made. 

Mr.  Rudder  believes  that  patching  is  one  of  the  most  expensive 
types  of  work,  due  to  the  hand  labor  involved.  The  extensiveness  of 
such  repairs  is  therefore  limited. 

Conclusion:  It  appears  to  be  well  agreed  that  an  analysis  of  the 
cause  of  failure  should  be  a primary  factor  in  determining  the  type  of 
repair. 

After  the  analysis,  the  type  of  repair  will  depend  on  cost  and  finances 
available,  including  the  earning  capacity  of  the  road,  whether  a permanent 
or  a temporary  repair  due  to  possible  relocation  or  realignment  is  de- 
sired, the  facilities  in  equipment  available  for  repair  and  also  the  influence 
of  the  season  in  which  the  repair  is  to  be  made. 

(3)  METHOD'S  OF  PATCHING. 

(a)  Pre-mix  vs.  Mixed1  in  Place  on  heavy  mats  and  light  surface  treat- 
ments. 

Seven  answers  received. 

Mr.  Stanley,  Construction  and  Maintenance  Engineer  for  Idaho  favors 
pre-mix  because  of  less  danger  to  public  and  workmen  while  placing,  and 
because  one  skilled  workman  can  produce  enough  material  to  keep  several 
others  busy. 

► Mr.  Dwyre,  Assistant  State  Highway  Engineer  for  New  Mexico  favors 
pre-mix  due  to  difficulty  in  obtaining  proper  mix  in  mixed-in-place.  A 
stockpile  is  usually  made  at  construction  and  used  for  repairs. 

In  Nebraska  according  to  Mr.  Klietsch,  all  patch  material  is  pre-mixed 
by  blades  or  traveling  plant,  with  a stockpile  of  mixed  materials  made  at 
time  of  construction. 

Alberta  Province,  states  Mr.  A.  L.  Tregillus,  Bituminous  Engineer,  uses 
pre-mixed  for  better  control. 

Mr.  Leary  says  Montana  used  pre-mix  material. 
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Mr.  D.  D.  Williamson,  District  Engineer  for  Asphalt  Institute  lists 
advantages  of  pre-mix  as  safety  to  public  during  repairs  and  easier  to  patch 
large  areas. 

Maryland  apparently  has  been  successful  with  both  plant  mix  and 
mixed  in  place  patches. 

Conclusion:  Pre-mix  is  considered  generally  to  have  a number  of 
advantage?  over  mixed-in-place.  Among  these  are: 

1.  Safety  to  public  and  workmen. 

2.  Use  of  stockpiled  material  from  construction. 

3.  More  satisfactory  material,  better  control  of  mix. 

4.  More  economical  to  handle  for  large  patch  areas. 

Several  replies  noted  that  the  patch  material  must  be  the  same  as 
the  original  construction  as  to  aggregate,  and  to  a certain  extent,  the 
asphalt  used. 

(b)  Type  of  Bituminous  Binder  for  Patching. 

Idaho  patches  in  kind — SC3  for  road  mix,  MC4  for  plant,  SC3  where 
material  is  stockpiled. 

New  Mexico  uses  SC3  in  colder  sections  of  the  state  and  in  warmer 
sections  uses  MC. 

Nebraska  favors  MC  and  SC  for  patches.  It  is  noted  that  SC  with 
absorptive  aggregates  becomes  dry  and  unusable  after  a short  time, 
although  with  non-absorptive  aggregates  it  is  satisfactory. 

Montana  is  now  favoring  SC  with  RC1  as  a prime. 

Mr.  Williamson  of  the  Asphalt  Institute  recommends  RC  for  pre-mix 
and  regular  paving  cement  for  hot  patches. 

Maryland  uses  RC2  for  cold  patches  aging  material  24  hours  in 
stock  pile  before  using. 

Conclusion:  Seven  replies  to  this  question  were  received.  Three  of 
these  were  using  both  MC  and  SC,  either  to  patch  with  an  oil  of  the 
same  type  as  in  original  construction;  or  using  an  SC  in  colder  regions, 
with  an  MC  in  warmer  regions;  or  investigating  the  relative  merits  of 
the  two  types.  One  reply  definitely  favored  MC  and  RC  for  patching, 
although  noting  the  advantages  of  SC  for  stockpiling.  The  fifth  reply 
favored  RC  and  penetration  asphalt.  The  sixth  was  definitely  in  favor 
of  SC,  while  the  last  definitely  specifies  RC2, 

It  therefore  appears  that  SC,  MC  and  RC  have  definite  advantages, 
depending  on  conditions  of  stockpiling,  weather  and  probably  the  skill 
of  the  workmen.  SC  apparently  possesses  some  advantages  over  other 
materials,  which  tend  to  be  offset  by  the  difficulty  of  mixing  in  the 
proper  proportions  with  the  labor  and  equipment  available. 

(c)  Methods  of  Mixing  Patch  Material. 

In  Idaho  the  material  is  usually  mixed  on  a suitable  piece  of  ground 
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or  abandoned  roadway  by  motor  graders.  Occasionally  a concrete  mixer 
is  used.  They  are  trying  to  secure  a number  of  small  portable  plants  of 
about  100  ton  daily  capacity. 

New  Mexico  uses  motor  graders,  occasionally  concrete  mixers. 

Nebraska  uses  blades  or  traveling  plant. 

Montana  uses  blades  and  patrols.  Are  also  using  small  pugmill  with 
dryer  and  mixer,  with  which  each  division  is  equipped.  This  is  more 
expensive  than  blade  mixing. 

Mr.  Reindollar  of  Maryland  recommends  stationary  plants  for  large 
quantities,  portable  mixers  for  patching. 

Conclusion:  Mixing  by  blades  and  patrols  is  still  the  most  common 
method  in  use.  Occasionally  concrete  mixers  are  used. 

There  appears  to  be  a growing  tendency  toward  small  portable 
mixing  plants  by  which  patching  material  may  be  mixed,  especially  under 
adverse  weather  conditions.  Montana  and  Maryland  are  using  plants  of 
this  type  and  Idaho  is  contemplating  their  use.  There  is  a need  for  equip- 
ment of  this  type. 

(d!)  Length  of  Time  Material  May  be  Stockpiled. 

Seven  answers. 

Idaho  expresses  a limit  of  two  years  on  stockpile.  They  seal  the  out- 
side of  the  stockpile  with  SC  or  a cutback,  or  an  alternate  of  a three 
inch  sand  blanket. 

New  Mexico  uses  in  colder  sections  SC3  piled  for  over  18  months. 
In  warmer  sections,  MC  is  stockpiled  3 to  6 months,  but  gets  hard. 

Nebraska  says  MC  is  stockpiled  and  is  good  up  to  four  years.  SC 
with  a non-absorptive  aggregate  may  be  good  up  to  seven  years. 

Alberta  says  MC  is  stockpiled  up  to  ten  days  while  SC  has  been  used 
up  to  two  years,  although  the  material  had  hardened  to  a certain  extent. 

Montana  says  some  SC  materials  mixed  and  stockpiled  in  1930  are 
still  usable. 

Mr.  Williamson  of  the  Asphalt  Institute  advises  that  Oklahoma  has 
stockpiled  SC  for  more  than  a year,  cutbacks  and  emulsions  for  30  days. 

Conclusion:  The  stockpile  time  of  SC  material  apparently  is  more 
or  less  unlimited,  periods  up  to  seven  years  being  reported  with  the  ma- 
terial still  usable.  The  quality  of  the  asphaltic  material  and  the  protec- 
tion of  the  stockpile  probably  affect  this  to  some  extent.  The  period  of 
MC  cutbacks  is  limited  apparently  to  not  more  than  one  year,  although 
one  state  reports  MC  usable  after  four  years. 

(e)  Grading  and  Types  of  Aggregates  for  Patch. 

Idaho  uses  same  graduation  in  patch  material  as  in  mat  with  100% 
passing  the  1 inch  square  sieve  and  not  over  12%  passing  the  200. 
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New  Mexico  conforms  to  original  graduation  except  in  some  cases 
where  maximum  size  is  reduced  from  one  inch  to  % inch. 

Nebraska  uses  same  gradation  as  original  material. 

Motana  states  early  gradation  was  too  coarse  with  not  more  than 
65%  passing  % inch  sieve.  This  was  altered  to  100%  passing  %,  40  to 
65%  passing  the  % inch  sieve  and  5 to  15%  passing  the  200  which  has 
given  satisfactory  results. 

Alberta  uses  same  gradation  as  original  mat.  Trend  is  to  get  away 
from  densely  graded  aggregate,  using  material  of  which  100%  is  re- 
tained on  a Ys  inch  circular  opening. 

Mr.  Williamson  of  the  Asphalt  Institute  suggests  relatively  open 

mix. 

Conclusion:  In  general,  the  same  gradation  of  aggregate  is  used 
for  patching  as  that  of  the  original  construction.  In  some  cases,  it  has 
been  found  advisable  to  reduce  the  size  of  the  coarse  aggregate.  (The 
Province  of  Alberta  reports  an  aggregate  of  which  100%  is  retained  on 
a % inch  circular  opening  screen.) 

General  Conclusions  on  Methods  of  Patching: 

Pre-mixed  material  is  almost  universally  favored  for  economy  and 
safety. 

Bituminous  binders  are  largely  divided  into  MC  and  SC,  with  some 
using  RC  cutback.  Both  MC  and  SC  apparently  have  advantages,  and 
in  a number  of  states,  both  are  being  used. 

Blades  and  patrols  continue  to  mix  most  of  the  patching  material, 
but  there  is  a tendency  to  use  small  portable  plants  for  this  purpose. 
The  latter  are  valuable  in  producing  better  mixes  through  control  of 
bituminous  binder  and  moisture  where  a dryer  is  used,  and  in  general, 
under  adverse  weather  conditions.  One  quoted  advantage  of  the  portable 
plant  is  the  production  of  pre-mix  material  during  the  early  spring,  allow- 
ing more  time  for  actual  patching  in  more  favorable  weather.  There 
appears  to  be  a demand,  both  existing  and  latent,  for  equipment  of 
this  type. 

SC  binder  has  an  advantage  over  cutbacks  where  pre-mixed  material 
is  to  be  stockpiled  over  a period  of  time.  Periods  of  usability  extending 
up  to  seven  years  for  SC,  and  four  years  for  MC  have  been  noted.  These 
probably  represent  an  extreme — two  years  may  be  considered  good. 

An  interesting  note  in  the  paper  by  Mr.  A.  D.  Stanley,  Maintenance 
and  Construction  Engineer  of  Idaho,  is  the  protection  of  stockpiled  ma- 
terial by  a seal  over  the  pile  with  an  SC  or  MC,  or  providing  an  alternate 
of  a three  inch  sand  blanket.  This  brings  up  a possibility  that  by 
proper  protection,  such  material  might  be  stored  indefinitely. 

The  grading  of  aggregates  generally  conforms  to  the  original  grada- 
tion of  construction,  except  that  in  some  cases,  some  coarse  material 
is  eliminated  in  the  patching  aggregate. 
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(4)  SEALING. 

(a)  Type  and  Grade  of  Bituminous  Materials  Used. 

Six  answers. 

Mr.  A.  D.  Stanley  of  Idaho  reports  SC4  has  given  best  results  in 
Idaho  under  extreme  heat  and  cold.  Stone  chips  are  used  with  this 
material,  having  not  more  than  8%  passing  the  200  screen. 

For  sand  cover,  RC4  is  being  used.  MC  was  found  too  slow  in  curing 
to  prevent  pickup  under  traffic  and  also  tended  to  become  hard  and 
brittle  under  low  temperatures.  The  use  of  95  plus  asphaltic  oil  with 
special  MC5  and  RC5  cutbacks  is  contemplated. 

Livingston  County,  Michigan,  according  to  Mr.  Slavin  prefers  a light 
seal  of  0.25G.S.Y.  of  quick-breaking  emulsion.  0.1G.S.Y.  of  MC2  with  a 
sand  cover  is  also  used. 

While  in  New  Mexico  materials  of  SC,  MC,  RC  and  250  penetration 
asphalt  are  used.  SC  is  used  on  surfaces  which  have  dried  out  and  on 
older  surfaces.  RC3  is  objected  to  due  to  hardness  and  brittleness.  MC3 
is  used  on  new  surfaces  and  porous  surfaces. 

Mr.  Klietsch  of  Nebraska  says  RC1,  RC2,  and  RC3  from  0.15  to  0.30 
G.S.Y.  are  used  there,  dependent  on  type  of  surface.  MC2  is  used  on 
SC  mats  for  sealing. 

Mr.  S.  M.  Rudder,  Assistant  Chief  Engineer  of  Missouri  divides  seal- 
ing roughly  info  two  classes,  those  with  little  or  no  cover,  and  those 
which  utilize  substantial  amounts  of  cover.  For  the  former  both  MC  and 
RC  of  low  viscosity  are  used.  For  the  heavier  type,  heavy  cutbacks  and 
high  penetration  asphalts  are  used. 

Conclusion:  It  appears  that  nearly  all  types  of  asphaltic  materials 
are  being  used,  from  SC,  MC,  RC  and  penetration  asphalts  to  quick-break- 
ing emulsions. 

One  state,  Idaho,  has  had  excellent  results  from  SC4  as  a sealing 
material,  while  there  is  a decided  increase  in  the  use  of  heavier  cutbacks 
of  MC4  and  RC4  grades,  and  high  penetration  asphalts  applied  hot.  A 
tendency  toward  heavier  cutbacks  than  the  four  grade  is  also  noted  in 
the  paper  by  Mr.  Stanley  of  Idaho,  in  which  the  use  of  a special  MC5  and 
RC5  for  sealing  is  contemplated. 

There  is  a tendency  to  choose  the  asphaltic  material  to  suit  the 
peculiarities  of  each  surface ; if  the  surface  is  porous  or  loose,  a material 
which  will  penetrate  this  surface,  such  as  an  SC,  MC2  or  3 or  an  RC1 
or  2,  is  used.  On  dense  surfaces,  heavier  grades  are  used. 

(b)  Methods  of  Applying  Cover  Material. 

Idaho  recommends  spreader  boxes.  Have  also  used  with  success  a 
“ turkey  tail,”  a steel  plate  with  radiating  blades  or  fins. 

Mechanical  equipment  and  large  units  tend  to  eliminate  the  personal 
equation  and  results  are  better. 
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Mr.  Slavin  of  Michigan  uses  homemade  revolving  disc  spreader. 

New  Mexico  uses  sand  or  chip  spreader,  suspended  or  fastened  to 
back  of  truck.  Avoids  marking  surface,  more  convenient  and  safe. 

Nebraska  uses  sand  spreaders.  More  economical  than  hand  spreading, 
more  uniform. 

Missouri  uses  mechanical  spreaders  to  secure  uniform  distribution. 
Brooming  may  be  desirable. 

In  Maryland  fan  spreaders  used  most  extensively. 

Conclusion:  Spreaders  are  recommended  by  all  of  those  answering 
this  question.  In  some  cases,  hand  spreading  is  performed,  but  mechanical 
spreaders  of  various  types  are  more  economical,  safer  and  produce  a 
much  more  uniform  surface,  and  seem  to  be  preferred.  No  definite  mention 
is  made  of  preferences  for  specific  types  of  mechanical  spreaders  of 
which  there  are  several  types.  There  should  be  discussion  of  the  relative 
merits  of  truck  propelled  or  self-propelled  rotating  type  spreaders  as 
compared  with  box  type  and  of  agitating  vs.  non-agitating  types.  Rollers 
are  recommended  by  Idaho  and  Missouri : Missouri  recommends  tandem 
or  three  wheel  over  five  tons. 

(c)  Methods  and  Types  of  Plant  Mix  Seal  Mixtures. 

New  Mexico  has  been  using  natural  rock  asphalt  with  3%  natural 
asphalt  content  and  2%  additional  bitumen.  The  grading  is  very  fine 
and  produces  a smooth  rubbery  surface.  Use  300  to  450  tons  per  mile 
with  an  average  thickness  of  % to  % inch. 

A tack  coat  of  0.10  G.S.Y.  of  RC1  is  necessary  when  used  as  a seal. 

Missouri  has  used  an  amesite  mixture  on  two  miles  of  old  oiled  mat. 
The  seal  varies  from  two  inches  over  several  % mile  sections,  to  % inch 
thickness  over  others.  The  appearance  is  good. 

Maryland  uses  Maryland  “C”  specification  similar  to  amesite  mix 
very  satisfactorily. 

Conclusion:  This  type  of  treatment  in  most  localities  apparently  is 
largely  experimental. 

General  Conclusions  on  Sealing: 

The  types  of  asphaltic  materials  used  for  sealing  are  much  diversified, 
depending  on  weather  conditions  and  flexibility  of  seal  desired,  porous- 
ness of  old  surface  and  degree  of  penetration  desired,  and  the  type  of 
service  due  to  traffic  and  driving  conditions  expected.  The  type  of 
cover  also  influences  the  type  of  asphaltic  material. 

There  is  a steady  movement  toward  heavier  asphalts  for  sealing,  such 
as  MC4,  RC4  and  penetration  asphalt.  These  materials  make  possible 
heavier  and  thicker  seals  (amounting  to  armor  coats  or  surface  treat- 
ments). Riding  qualities  and  night  visibility  are  both  improved  by  some 
types  of  heavy  seals. 

The  use  of  mechanical  cover  material  spreading  devices  is  much 
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favored  and  is  increasing.  Much  home  made  equipment  of  this  type  is 
in  use,  but  factory  produced  spreaders  offer  many  advantages  in  economy 
and  standardization. 

The  use  of  rollers  and  dragging  or  brooming  on  cover  material  is 
recommended  and  used  by  several  states. 

Plant  mix  seals  are  being  used  by  Idaho,  Missouri  and  Maryland 
although  the  “classification”  of  this  work  as  a “seal”  appears  to  be 
improper. 

(5)  SHOULDER  MAINTENANCE  OF  HIGH  TYPE  BITUMINOUS 

SURFACES. 

(a)  Rolling:  Weight  and  Type  of  Roller: 

In  Virginia  four  types  of  shoulders  are  considered  with  type  of  treat- 
ment for  each.  These  are  classified  as : 

II.  Earth  from  regular  excavations. 

2.  Earth  from  selected  materials. 

3.  Soil  that  will  support  grass. 

4.  Bituminous  sealed  type. 

For  earth  shoulders  of  type  1,  compaction  with  a roller  is  beneficial. 
The  roller  should  weigh  not  less  than  eight  tons.  Type  2 may  be  compacted 
j in  like  manner.  Type  3,  the  grass  shoulder,  requires  no  other  than  original 
rolling.  Type  4 is  ideal  (bituminous  sealed  type). 

Mr.  Reindollar  would  like  subject  discussed. 

(b)  Sealing  of  Shoulders  Justified: 

Mr.  Forrer  of  Virginia  feels  that  shoulder  treatment  as  described  is 
well  worth  while.  For  effective  sealing  of  the  shoulder,  the  material 
in  the  shoulder  should  be  suitable.  Under  these  conditions,  sealing  of 
the  shoulder  is  an  ideal  solution. 

Traffic  tends  to  use  the  shoulders  after  treatment  and  wear  occurs. 
The  solution  tends  to  be  temporary. 

(c)  Would  Saving  Justify  Full  Width  Construction: 

Mr.  Rudder  of  Missouri  believes  that  bituminous  treatment  of  shoul- 
ders is  economically  justified  as  well  as  full  width  construction. 

General  Conclusions  on  Shoulder  Maintenance,  High  Type: 

This  question  was  discussed  in  length  by  Mr.  Forrer  of  Virginia. 
Mr.  Forrer  has  classified  four  types  of  shoulders  and  the  general  treat- 
ment of  each. 

When  the  soil  of  the  shoulder  is  of  the  proper  type,  rolling  is  of 
considerable  importance,  with  an  eight  ton  roller  recommended. 

Sealing  of  earth  shoulders  is  of  temporary  value  when  soil  condi- 
tions are  favorable. 
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If  the  shoulder  has  a good  surface  traffic  tends  to  use  it  with 
resulting  wear.  It  is  inferred  that  full  width  construction  may  be  effec- 
tive and  the  cost  justified. 

(6)  SHOULDER  MAINTENANCE  FOR  LOW  TYPE  BITUMINOUS 

SURFACES. 

(a)  Rolling:  Weight  and  Type  of  Roller: 

Mr.  Slavin,  County  Engineer  of  Livingston  County,  Michigan,  be- 
lieves that  adequate  width  of  surfacing  and  thickened  edge  construction 
of  mat  with  a “V”  channel  in  the  subgrade  at  the  edge,  with  a well 
trimmed  berm  (Shoulder  slope)  will  minimize  edge  failures.  Rolling  is  not 
discussed. 

Mr.  Rudder  states  that  the  following  system  is  used  in  Missouri 
wTith  excellent  results : 

Shoulders  are  built  up  to  mat  levels  at  the  time  of  construction. 
Experiments  with  low  shoulders  (not  built  up)  did  not  prove  satisfactory 
from  either  appearance  or  elimination  of  edge  failures.  This  applied  to 
both  high  and  low  types. 

Ruts  are  eliminated  by  dragging,  with  particular  attention  during 
winter  and  spring  months.  In  the  spring,  shoulders  are  rolled  with  a 
36  inch  wide  roller  having  a pressure  of  from  120  to  130  pounds  per 
inch  of  width.  A shoulder  slope  of  at  least  % inch  per  foot  is  maintained. 
The  intensive  work  during  this  time  of  year  considerably  lowers  main- 
tenance costs  during  the  remainder  of  the  year. 

Conclusion  on  Rolling: 

The  experience  of  Missouri  and,  it  is  believed,  many  other  states, 
indicates  that  rolling  of  the  shoulders  is  of  considerable  value  in  reducing 
maintenance  both  of  the  shoulder  and  of  the  mat  or  other  bituminous 
surface. 

(b)  Sealing  Economically  Justified: 

In  the  opinion  of  Mr.  Rudder  of  Missouri,  the  sealing  of  shoulders 
on  low  type  bituminous  surfaces  is  economically  justified,  in  that  with 
each  increase  in  width  of  primed  and  surfaced  base,  maintenance  work 
along  the  edge  has  decreased.  Sealing  the  entire  width  has  produced  a 
noticeable  effect  in  reducing  shoulder  maintenance. 

The  shoulder  may  be  protected  by  either  oiling  or  an  armor  coat. 

Conclusion:  It  will  probably  be  agreed  by  many  that  protection  of 
the  shoulder  surfaces  will  lead  to  decreased  maintenance  through  less 
shoulder  erosion  and  edge  failure  of  the  bituminous  surface. 

Present  methods  of  penetration  alone  do  not  always  work  satisfac- 
torily, but  through  soil  selection  or  stabilization  with  aggregate  and/or 
oil,  or  by  placing  an  armor  coat  on  the  shoulder  as  suggested  by  Mr. 
Rudder,  very  serviceable  shoulders  may  be  produced  which  will  yield 
good  returns  in  decreased  maintenance  of  the  surface. 
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(c)  Would  Saving  in  Maintenance  Justify  Constructing  Surface  Full 
Width  of  Roadbed. 

Mr.  Rudder  from  Missouri  believes  that  full  width  construction  would 
: create  substantial  savings  in  maintenance  and  justify  the  additional  cost 
and  time. 

(7)  RECONSTRUCTION  OF  FAILED  SURFACES 

(a)  Where  Failure  is  Due  to  the  Surface  Itself: 

Mr.  Klietsch  and  Nebraska  classifies  two  groups  for  reconstruction : 
one  with  little  or  no  special  maintenance;  the  second  with  considerable 
special  maintenance.  The  first  group  appears  to  be  primarily  those  of 
surface  failures.  The  treatment  given  is  to  tear  up  the  surface  and  blade 
it  to  one  side,  allow  the  subgrade  to  dry,  correct  oil  deficiency  in  the  sur- 
face material,  adding  RC2  to  SC  mat  and  MC  to  MC  mat,  and  then 
relaying. 

Mr.  Root,  Maintenance  Engineer  for  Iowa  believes  that  most  failures 
occur  in  the  base,  and  that  the  base  difficulty  must  be  completely  cured 
before  a permanent  repair  can  be  made. 

No  comments  on  reconstruction  proper. 

According  to  Mr.  Rudder  of  Missouri,  reconstruction  of  the  surface 
should  be  made  in  accordance  with  the  cause  of  failure.  More  bitumen 
may  be  added  to  dry  mats  and  bitumen  in  mat  may  be  reduced  by 
addition  of  the  proper  dry  aggregates.  Difficulties  in  gradation  should 
be  corrected  with  additions  of  proper  materials. 

Conclusion:  Failures  of  the  surface  course  may  be  corrected,  in 
general,  by  supplying  the  deficient  factor  responsible  for  the  failure. 
Where  the  base  or  subgrade  is  not  at  fault,  it  is  indicated  that  a reproces- 
sing of  the,  mat  is  favored  as  the  correct  procedure.  In  some  cases  in- 
creased thickness  may  be  necessary  (See  Maryland).  There  are  limits, 
however,  to  the  extent  to  which  such  reconstruction  can  be  carried. 

(b)  Where  Failure  is  Due  to  Subgrade  Distortion  or  Shifting  of 
the  Base : 

In  Nebraska,  surfaces  which  have  failed  due  to  the  subgrade,  are 
removed  from  the  roadway  and  either  stockpiled  or  windrowed.  The 
base  is  then  stabilized. 

The  stabilization  method  used  is  determined  by  an  analysis  of  the 
subgrade  composition.  In  most  cases,  a stabilized  gravel  mat  is  constructed 
using  new  materials.  From  three  to  five  inches  of  stabilized  gravel  base 
is  constructed  on  A6  or  A7  soils.  No  definite  formula  is  used  to  determine 
the  thickness  • engineering  judgment  is  depended  on. 

Bituminous  stabilization  is  used  on  sandy  and  silty  soils  economically 
suited  for  this  type.  The  depth  of  this  form  of  stabilization  depends  on 
the  quantity  of  the  material  in  the  subgrade  soil  that  passes  a 200  mesh 
sieve.  Three  inches  are  sufficient  where  20%  to  40%  passes  the  200,  and 
four  to  five  inches  are  used  where  10%  to  20%  pass  the  200. 
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When  mats  are  reworked,  the  gradation  and  oil  content  is  corrected 
if  necessary,  and  the  mat  relaid.  Stronger  mats  are  secured  from  old  SC 
mats  by  addition,  where  necessary,  of  an  RC  cutback. 

Where  the  - subgrade  material  is  sandy  and  contains  insufficient 
fines,  the  fines  are  added  to  increase  the  stability.  In  some  cases,  sandy 
soils  may  fail,  due  to  loss  of  moisture  and  can  be  corrected  by  restoring 
a normal  moisture  content  (3%  to  5%). 

Iowa  suggests  correction  of  the  difficulty  causing  base  or  subgrade 
failure  and  mentions  in  particular  excess  loading. 

Mr.  Rudder  of  Missouri  lists  as  causes  of  subgrade  failure,  (1)  surface 
water  and  (2)  underground  water.  The  former  is  corrected  and  cured 

by  restoring  the  subgrade  to  proper  condition  and  then  protecting  by 

seals,  the  surface  and  shoulders.  Ditches  are  cleaned  to  facilitate  rapid 
run-off. 

Failures  due  to  underground  water  can  be  corrected  if  the  source 

of  the  water  is  found  and  drained.  If  this  is  not  possible,  the  faulty 

subgrade  material  should  be  removed  and  replaced  with  proper  material, 
or  the  area  bridged  by  a heavy  base.  The  latter  is  usually  more  practical. 

Mr.  W.  J.  Slavin  of  Michigan  has  reconstructed  failed  surfaces  by 
removing  objectionable  material  from  frost  heave  areas,  and  then  scarify- 
ing the  old  surface  and  base  to  a depth  of  six  inches.  One  and  one  half 
gallons,  in  one  case  of  SC3  and  in  another  MC2,  were  added  to  the 
scarified  material  and  mixed  with  blades.  The  mixed  material  was 
spread  and  rolled  by  trucks  in  two  lifts  with  a final  rolling  with  a 
seven  ton  tandem.  The  reconstruction  has  not  been  down  for  a sufficient 
time  to  draw  definite  conclusions. 

Conclusion:  Reconstruction  methods  vary  with  the  locality  and  cause 
of  failure. 

Nebraska  and  Missouri,  in  their  comment  on  reconstruction,  indicate 
that  the  surface  material  is  removed  (and  salvaged),  the  subgrade  placed 
in  proper  condition  and  the  surface  material  replaced,  applying  whatever 
correction  of  oil  or  aggregates  is  necessary  to  the  surface  material. 

Mr.  Slavin  of  Michigan  describes  a method  of  incorporating  the  sur- 
face material  with  subgrade  material,  plus  a quantity  of  oil,  forming 
a stabilized  or  semi-stabilized  subgrade  which  is  then  given  a light 
surface  treatment. 

Nebraska  utilizes  several  methods  of  correcting  subgrade  difficulties, 
varying  from  simple  correction  of  moisture  abnormalities  to  more  in- 
volved gradation  correction  for  bituminous  stabilization  for  sands  and 
stabilized  gravel  mats. 

Missouri  also  salvages  the  bituminous  surface  material  which  is  relaid 
after  correction  of  the  subgrade  difficulties. 

Correction  of  subgrade  difficulties  are  made  by  removing  the  cause 
of  the  difficulty,  usually  excess  water,  or  by  either  removing  objectionable 
material  or  bridging  such  objectionable  material  with  a heavy  base. 
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Kansas  has  engaged  in  a heavy  reconstruction  season,  in  which  the 
existing  surface  has  been  mixed  with  the  subgrade  and  the  whole  sheeps- 
footed  to  a stable  compaction,  after  which  a penetration-armor  coat  has 
been  applied. 

GENERAL  CONCLUSIONS 

The  methods  of  reconstruction  vary  with  different  localities,  or- 
ganizations and  types  of  difficulties.  Reconstruction  of  surfaces  alone  de- 
pends largely  on  correction  of  asphalt  content  or  of  gradation  with  the 
mixing  and  relaying  of  the  surfacing  material. 

With  subgrade  difficulties,  correction  becomes  more  varied.  The  source 
of  the  difficulties,  such  as  surface  or  ground  water,  may  be  eliminated  as 
a simple  solution.  Sandy  soils,  with  insufficient  fine  material  may  be 
corrected  by  addition  of  the  necessary  fine  material. 

Subgrades  with  heavy  soils  may  be  stabilized  to  a degree  incorporating 
the  old  bituminous  surface,  followed  by  sheepsfooting  and  compacting  and 
then  covering  with  a light  surface  treatment. 

An  alternate  method  is  the  bridging  of  unstable  subgrade  by  heavy 
base  construction  of  stabilized  gravel  mat,  practised  by  Missouri. 

Stabilization  of  soils  is  being  accomplished  by  cement  and  bituminous 
admixtures.  Nebraska,  particularly,  has  used  bituminous  stabilization  for 
sandy  soils  to  a considerable  extent. 

Some  effort  is  being  made  to  extend  bituminous  stabilization  into 
heavy  soils  by  the  use  of  SC  and  MC,  plus  the  stabilizing  effect  of 
aggregates  from  the  old  surfacing  when  rolled  and  compacted.  Mr. 
Slavin  of  Michigan  has  experimented  with  this  form  of  stabilization,  as  has 
Kansas.  Missouri  has  had  extensive  experience  with  various  methods  of 
stabilization. 
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Eleven  papers  were  submitted  for  review,  and  I have 
tried  to  condense  those  into  one  paper  here  that  would 
fully  cover  the  subject  without  having  any  personal 
opinions  of  my  own  in  it.  I have  mimeographed  sheets  here 
covering  the  subjects  or  questions  that  the  papers  were 
written  on,  and  I am  going  to  pass  these  out  so  that 
you  will  know  the  questions  that  the  papers  cover,  and 
as  there  is  room  on  them  to  put  any  notes  you  care  to, 
we  can  come  back  and  have  an  open  discussion  on  your 
notes  and  the  list  of  questoins  will  serve  as  a memorandum 
to  you. 

This  covers  about  all  of  the  questions  that  were 
answered  in  the  papers  and,  as  I said,  there  were  eleven 
states  that  wrote  on  these  questions.  I think  if  we  have 
a little  recess  here  we  can  come  back  and  have  some 
general  discussion  from  the  floor,  and  I would  like  to 
have  any  of  you  submit,  during  the  recess,  any  questions 
that  you  have,  or  any  topics  you  would  like  to  have 
brought  up  for  discussion  on  any  question  affecting  main- 
tenance of  bituminous  surfaces.  If  you  will  just  give  me 
those  questions,  I will  see  that  there  is  discussion  from 
the  floor,  or  you  can  get  up  and  introduce  the  questions 
yourselves.  I think  when  we  come  back,  if  we  can  get 
into  a good  lively  discussion  on  a number  of  these  sub- 
jects we  will  all  get  a good  deal  of  benefit  from  it,  so 
we  will  take  about  a ten-minute  recess  now.  (Recess) 

I think  we  had  better  get  on  with  the  rest  of  the 
program,  so  we  will  get  into  the  discussion  right  away. 

First  I want  to  thank  the  members  of  this  commit- 
tee for  the  papers  they  submitted  to  me.  I hope  I haven’t 
overlooked  anything  of  consequence  in  summarizing  their 
papers,  because  they  did  submit  some  very  good  papers. 

These  men  up  here  on  the  conference  board  will  be 
glad  to  take  part  in  any  discussion  on  any  question  that 
you  may  have  and  I think  that  they  can  do  a good 
job  of  answering  most  of  your  questions,  so  shoot  them 
right  to  them. 

We  have  a question  submitted  here.  It  says,  “Have 
any  states  used  emulsion  for  seal  coat  without  cover  ma- 
terial? Is  this  material  superior  to  MC2  or  RC2?” 

I would  like  to  hear  from  some  states  that  have 
used  emulsions  for  seal  coats,  especially  if  you  have  used 
any  of  it  without  cover  material.  Will  someone  please 
give  us  a little  discussion  on  emulsions  used  for  seal 
coats? 

Answering  the  question  of  using  emulsion  for  seal  coat 
without  cover,  I can  say  that  in  Iowa  we  have  used  a 
little  of  this  material.  Last  fall  we  used  one  car  and  put 
it  on  at  the  rate  of  about  .15  gallon  to  the  square  yard. 
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It  become  tacky  and  sticky  and  we  had  to  cover  it  before 
we  could  let  traffic  use  the  road. 

Have  you  had  some  experience,  Mr.  Slavin? 

Not  without  cover. 

What  experience  have  you  had  using  it  with  cover? 

We  have  used  emulsion  most  exclusively  as  a seal 
material.  We  use  only  a small  quantity  of  it,  from  .2  to 
.25  gallon  to  the  square  yard,  with  a fine  cover,  about 
.1  to  .25  with  bird’s-eye  sand  or  gravel,  as  we  call 
it,  and  that  material  passes  the  % inch  about  100%, 
and  perhaps  10%  to  15%  of  it  passes  the  10-mesh  sieve. 
Using  a small  amount  of  bitumen,  we  can  get  by  with 
about  12  to  15  pounds  to  the  square  yard,  and  by  having 
the  finer  particles  in  this  cover  material  we  get  a good 
coverage  and  apparently  the  fine  sand  also  has  one  other 
effect.  It  has  a tendency  to  prevent  bleeding  through.  In 
other  words,  our  surface  will  remain  gray  instead  of 
turning  black. 

We  have  used  emulsion,  as  I have  said,  almost  ex- 
clusively, except  in  a few  instances  where  we  have  used 
an  MC.  That  is  perhaps  getting  off  the  subject  a little, 
but  we  have  used  an  MC2  material.  We  have  used  more 
or  less  of  that  in  our  construction  work  and  tried  out 
some  of  it  as  a seal,  using  only  a small  quantity,  from 
i/8  to  1/10  gallon  to  the  square  yard,  using  an  ordinary 
good  concrete  sand  for  cover.  It  is  a very  economical  type 
of  seal  and  it  is  one  that  apparently  does  very  well. 

Arkansas  has  employed  emulsion  as  seal  coat  material 
with  the  use  of  cover  chips.  We  have  used  it  success- 
fully, as  well  as  other  agents,  but  generally  the  emulsion 
will  have  a higher  unit  cost  per  gallon  and  a lesser  AC 
content,  so  it  is  questionable  whether  it  is  an  economical 
procedure  in  relation  to  other  bituminous  agents. 

Does  anyone  else  have  anything  to  offer  on  emulsions 
for  seals?  We  would  like  to  hear  from  any  of  you  that 
have  had  any  experience  whatever  in  this.  If  not,  we  have 
some  other  questions  here  that  have  been  asked.  Several 
of  these  should  draw  out  quite  a little  discussion. 

One  of  them  is  ‘ 4 Contracting  maintenance  vs.  State 
maintenance.”  I don’t  know  how  many  states  here  have 
contracted  maintenance.  I might  start  this  off  by  saying 
that  in  Kansas  almost  all  of  our  sealing  is  contracted, 
and  all  of  our  reconstruction  that  I was  telling  you 
about  a while  ago  is  contracted.  Each  year  we  have  gone 
a little  more  to  contracting  all  of  our  maintenance,  and 
as  we  have  progressed  in  this  we  have  found  that  we 
are  saving  ourselves  a little  money  and  we  feel  we  are 
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getting  better  jobs.  It  lets  us  organize  our  own  state 
inspection  much  better,  and  we  find  this  one  thino- 

o 

about  having  a contractor  do  the  maintenance  work, 
that  our  engineers  are  perhaps  a little  more  inclined 
to  make  them  do  it  just  right  than  they  would  our  own 
group,  because  our  own  crews,  of  course,  are  interested 
in  showing  us  that  they  can  do  the  work  cheaply,  and 
oftentimes  it  is  a little  too  cheaply — cheap  in  first  cost 
but  high  in  the  long  run. 

I would  like  to  hear  from  some  other  states  that 
are  doing  some  contracting  of  their  maintenance,  and  how 
they  are  getting  along  with  it.  Has  anyone  on  the  com- 
mittee done  any  of  that?  What  do  you  do  in  Missouri 
on  your  sealing?  Do  you  do  that,  or  do  you  contract  it? 

Most  of  it  is  done  by  ourselves.  We  do  some  contracting, 
but  most  of  it  we  do. 

Are  there  any  states  here  that  have  been  contracting  most 
of  their  sealing  or  their  reconstruction  or  reconditioning 
of  mat  surfaces  by  contract? 

We  like  to  contract  as  much  of  our  maintenance  as  we 
can.  The  criterion  that  we  use  is  that  if  we  can  make 
a logical,  fair  estimate  of  what  the  cost  will  be,  then 
we  consider  it  a contractable  item  and  proceed  with  con- 
tracting. This  covers  seal  coats  of  various  kinds,  major 
reconditioning  or  reconstruction  of  old  mats.  The  patch- 
ing work,  miscellaneous  items  of  maintenance,  weed  cutting 
and  so  on,  we  have  not  contracted.  I like  the  proposi- 
tion of  contracting  so  far  as  the  maintenance  forces  are 
concerned  in  this  respect:  When  you  have  a major  re- 
construction section  to  do  with  your  own  maintenance 
forces,  it  calls  in  your  equipment  from  quite  a territory 
and  your  regular  maintenance  is  handicapped,  or  at  least 
alibis  are  offered  to  this  affect  because  the  equipment 
is  tied  up.  Then,  too,  we  find  that  if  a contractor  has 
a dozen  maintainers  out  on  the  highway  all  strung  out 
on  reconstruction  the  criticism  from  the  public  is  not  as 
severe  as  it  is  if  it  is  our  own  outfit,  so  we  like  to 
contract  anything  that  we  can  contract,  if  we  can  make 
a fair  estimate  of  what  the  cost  should  be. 

Thank  you.  I might  add  that  on  this  maintenance  ques- 
tion we  are  contemplating  in  Kansas  some  time  this 
fall  or  winter  contracting  several  sections  as  a test  to 
try  it  out  and  see  what  kind  of  job  we  will  get  and 
what  price  we  will  get  for  contracting  a whole  section 
for  cleaning  of  ditches,  keeping  the  weeds  trimmed  and 
the  shoulders  rolled  and  all  of  that  except  the  patching 
material  that  is  necessary.  We  will  furnish  that  free 
to  the  contractor,  but  he  will  have  to  see  that  it  is  proper- 
ly used  and  that  it  will  be  used  when  he  should  use  it. 
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Just  how  that  is  going  to  work  out  I don’t  know,  but 
we  are  in  the  process  of  writing  up  specifications  cover- 
ing it  and  we  hope  to  let  several  sections,  and  they  will 
be  let  for  a one-year  period  for  the  maintenance  of 
everything  between  the  right-of-way  lines. 

Can  anyone  else  here  offer  anything  on  contracting 
maintenance?  I would  like  to  hear  from  some  of  you  as  to 
what  you  think  about  it,  whether  you  have  tried  it  and 
found  it  did  not  work.  Some  of  us  who  are  getting 
into  that  more  and  more  might  be  able  to  learn  some- 
thing from  some  of  you  who  have  had  some  experience 
with  it.  Is  there  anyone  here  who  has  had  any  experience 
with  it,  either  good  or  bad?  If  not,  we  will  go  on  to 
the  next  question. 

We  have  been  having  a problem  in  Kansas  that  I 
presume  you  are  having  everywhere  else.  Several  of 
the  other  states  have  mentioned  they  were  having  it, 
the  problem  of  handling  the  traffic  when  you  have  a 
reconstruction  job  coming  along.  We  find  there  that  as 
soon  as  we  get  into  the  detouring  of  traffic  we  are 
always  headed  for  trouble,  and  I would  like  to  hear  from 
some  of  the  members  of  the  committee  whether  they 
detour  on  maintenance,  or  whether  they  attempt  to  carry 
everything  through,  regardless  of  the  kind  of  construc- 
tion they  are  doing. 

What  do  you  do  in  Missouri,  Mr.  Rudder? 

We  in  Missouri  carry  traffic  through  contraction.  I 
don’t  know  of  any  jobs  we  have  had  where  we  did  not 
unless  they  were  absolute  reconstruction. 

In  Montana  in  most  cases  traffic  is  carried  through  con- 
struction work.  This  is  especially  true  through  the  moun- 
tainous country  where  the  new  location  follows  the  old 
road.  On  all  seal  work  we  arrange  to  route  traffic  through 
the  work.  RC1  is  used  mostly  for  our  seal  work  and  all 
traffic  has  to  be  carefully  protected  for  a few  days  after 
application  due  to  the  slippery  condition  of  the  roadway. 

The  problem  of  handling  traffic  seems  to  be  getting  to 
be  a harder  one  to  solve  all  the  time.  People  seem  to  want 
good  roads  but  they  don’t  want  any  inconvenience  during 
construction.  In  fact,  in  Kansas  this  year  we  have  had 
quite  a campaign  against  detours.  Of  course  that  was  on 
new  construction,  but  we  have  had  a little  on  main- 
tenance, so  it  looks  like  we  are  going  to  have  to  go 
through  with  everything,  regardless  of  what  it  costs  to 
do  it. 

I have  wondered  if  any  of  the  other  states  have  had 
trouble  along  that  line,  and  what  conclusions  you  have 
come  to  on  it.  Is  there  anyone  here  that  has  had  the 
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same  problems,  and  have  you  changed  from  the  detour 
system  to  carrying  everything  through? 

I would  like  to  ask  any  of  the  committee  here  now, 
do  you  have  any  maintenance  problems  that  you  would 
like  to  have  discussed  here?  Have  you  any  questions  in 
your  mind,  Mr.  Slavin? 

I don’t  think  I have. 

One  of  our  biggest  troubles  during  winter  weather,  for 
patching,  is  wet  aggregate.  We  store  some  of  our  aggre- 
gate along  the  roads  in  patrol  sheds,  but  is  necessary 
to  have  so  much  on  hand  it  is  impossible  for  us  to 
keep  it  all  dry.  When  the  weather  gets  cold  and  we  have 
to  patch,  we  are  confronted  with  the  very  slow  process 
of  trying  to  dry  the  aggregate  before  we  use  it.  It  is 
also  quite  expensive.  We  have  been  trying  some  pre- 
coated aggregates  with  tars  and  also  with  asphalts  to 
waterproof  them. 

It  just  occurred  to  me  that  I might  be  able  to  get 
a little  more  information  than  I have  been  able  to  ac- 
cumulate myself  if  I would  bring  this  subject  up. 

Incidently,  our  state  does  not  have  generally  dis- 
tributed commercial  plants  in  which  to  pre-coat  material. 
There  are  five  or  six  plants  within  the  state,  but  they 
are  so  located  that  we  do  not  get  a very  short  haul 
to  all  parts  of  the  state.  We  have  resorted  to  some  of 
the  pre-coating  by  our  own  methods  before  cold  weather 
came,  by  first  drying  the  stone  and  then  mixing  with 
about  1%  bituminous  material. 

I would  like  to  know  if  anyone  else  has  had  similar 
trouble  with  wet  aggregates  in  the  winter  time. 

Does  anyone  care  to  take  the  floor  and  answer  Mr.  Forrer? 
Are  there  any  of  the  committee  who  have  anything  to 
offer  on  that  ? 

I don’t  believe  there  is  any  processing  that  will  assure 
the  obtaining  of  satisfactory  work  wdien  unsatisfactory 
weather  conditions  prevail.  That  is,  in  winter  months  when 
low  temperatures  and  wet  aggregates  are  prevalent,  I 
don’t  believe  it  is  generally  possible  to  secure  maximum 
benefits.  While  it  may  be  necessary  to  perform  the  work 
during  that  period,  it  is  more  costly  and  probably  more 
indifferent. 

We  have  a state-operated  central  plant  set-up  at 
Little  Kock  where  mixtures  are  produced,  either  hot  or 
cold.  In  addition,  in  one  of  our  eastern  districts  we  have 
a similar  set-up  but  of  smaller  capacity.  In  each  of  the 
foregoing  instances,  the  plant  is  equipped  with  satis- 
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factory  drying  facilities.  Most  of  our  districts  operate 
small  concrete  mixers  for  producing  mixtures  employing 
various  bituminous  agents,  MC’s  or  EC’s,  with  either 
dense-graded  or  open-graded  aggregates. 

I don’t  know  that  I expressed  myself  clearly.  I was 
concerned  with  a pre-coating  that  was  merely  sufficient 
to  waterproof  the  aggregate,  not  to  make  a dense  mix  as 
you  would  expect  in  the  genearl  mixes  that  you  get  from 
the  various  bituminous  plants,  but  with  the  idea  of 
adding  additional  bituminous  material  as  it  is  used  along 
the  road  in  a patch. 

The  trouble  with  having  the  denser  mixes,  made 
with,  say,  from  five  to  six  per  cent  asphalt  content,  is 
that  it  is  so  hard  to  store  those  and  keep  them  for  any 
length  of  time,  and  it  was  with  the  idea  of  pre-coating 
material  to  make  it  waterproof,  and  then  to  add  the 
additional  bituminous  materials,  that  I raised  the  ques- 
tion. 

Does  anyone  care  to  go  further  into  that  for  Mr.  Forrer? 
Mr.  Slavin,  here,  of  Michigan,  has  a question  that  he 
would  like  to  ask  this  group,  to  see  if  someone  can 
help  him  with  a problem. 

I am  wondering  whether  anyone  has  made  any  provi- 
sion for  heating  of  patching  materials  for  winter  use  or 
cold  weather  use.  Even  with  the  slow-curing  oil  mixtures 
they  get  pretty  hard  to  handle  in  the  cold  weather,  and 
what  we  have  done  in  the  past  is  to  load  up  a couple  of 
trucks  one  day,  we  will  say,  and  keep  them  in  a heated 
garage  over  night,  in  order  to  have  them  workable  the 
next  day.  One  thing  that  I have  thought  of  is  the  pos- 
sibility of  putting  steam  coils  in  the  storage  bin,  or 
putting  the  coils  into  a stock  pile,  so  that  the  material 
can  be  warmed  up  just  as  you  need  it  for  more  or  less 
emergency  patching  during  cold  weather. 

I was  wondering  if  anybody  had  had  experience  alnog 
that  line. 

Is  there  anyone  here  who  has  any  arrangements  or  fa- 
cilities for  heating  the  patch  material  in  the  winter  before 
placement?  Evidently  everyone  is  just  wondering  about 
it,  about  as  you  are,  and  worrying  along  with  it.  That 
is  what  we  have  been  doing,  and  I presume  everyone 
else  has.  But  if  there  was  some  way  to  heat  the  patch 
material  it  not  only  would  be  easier  to  load  and  unload 
but  I think  it  would  go  down  into  the  patched  place 
much  better  and  probably  would  result  in  a better  job. 

You  may  have  a good  idea  on  those  steam  coils. 
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Yon  would  have  to  do  that  at  a central  point,  wouldn’t 
you? 

Yes,  you  would. 

Mr.  Nuss: 

Another  question  here:  I would  like  to  hear  from  some- 
one who  has  had  experience  with  tar  seals  on  bituminous 
surfaces.  I would  like  to  hear  from  some  of  the  states 
that  have  used  tar  material  for  sealing,  as  to  how  you 
like  it  compared  with  cutbacks  or  your  slow-curing  oils; 
what  results  you  have  had,  and  how  the  costs  compare 
and  the  length  of  life  compares,  in  your  opinion,  with 
bituminous  types. 

I know  some  of  you  have  used  tars,  and  I would 
like  to  hear  what  luck  you  have  had  with  them.  I think 
we  would  all  like  to  hear  from  someone  that  can  give  us 
an  idea  about  it.  Can’t  someone  give  us  an  idea  here  of 
what  luck  you  have  had  with  it?  Have  any  of  the  com- 
mittee here  used  tars? 

J.  J.  Forrer: 

Virginia 

Anything  I say  I don’t  venture  as  an  opinion  and  I 
don’t  mean  to  be  biased  in  any  way.  The  State  of  Vir- 
ginia, for  purchasing  purposes,  put  tar  and  asphalt  in 
competition.  The  tars,  as  a general  thing  run  a little 
higher  in  price,  but  occasionally  they  do  hit,  and  when 
they  do  we  use  them  and  find  them  satisfactory.  As  a 
general  thing  they  are  just  a wee  bit  slower  in  setting 
up  than  the  RC  materials  with  which  they  are  in 
competition. 

Mr.  Nuss: 

Do  you  use  about  the  same  amount  of  cover  material 
and  the  same  type  of  cover  material? 

J.  J.  Forrer: 

Virginia 

We  use  the  same  type  of  cover  material  and  approximately 
the  same  amount  of  tar.  However,  the  tar  producers  claim 
that  due  to  the  fact  that  not  so  much  of  their  material 
is  really  volatile  we  could  use  a little  less  of  their  ma- 
terial than  we  do  of  the  cutback  asphalts. 

Mr.  Nuss: 

Do  you  feel  your  results  are  about  the  same  as  if  you 
used  the  cutbacks? 

J.  J.  Forrer: 

Virginia 

I would  say  that  they  are  practically  the  same.  There  is 
a possibility  of  the  tar  being  a little  more  non-skid,  ap- 
parently, but  that  is  my  own  personal  opinion. 

Mr.  Nuss 

Anyone  else?  Can  anyone  tell  us  about  the  results  of 
using  tar  seals? 

S.  M.  Rudder 

Missouri 

In  Missouri  we  have  built  one  or  two  tar  mat  roads,  and 
on  one  of  them  we  did  use  the  tar  seal  without  cover 
material,  but  there  is  no  comparison  to  draw  there.  The 
question  in  my  mind  is  this : Mr.  Forrer  said  prices  were 
approximately  the  same.  I wondered  what  prices  are  paid 
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J.  J.  Forrer: 

Virginia 


, 

Mr.  Nuss: 


T.  R.  Perry: 

Iowa 


for  RC  material  and  tars  in  Virginia,  because  in  Missouri 
our  tar  prices  are  almost  double  the  price  of  the  RC’s. 

I didn’t  mean  to  infer  that  prices  generally  were  the 
same.  I said  that  for  purchasing  purposes  we  put  them 
in  competition,  and  in  isolated  places,  once  in  a while, 
the  tars  will  hit.  As  a general  thing  they  are  very  much 
higher  in  price  than  the  asphalts.  My  recollection  is  that 
our  prices  last  year  averaged  about  six  cents  a gallon 
for  the  RC  materials,  and  for  the  tars  I think  it  was 
about  eight  to  ten  cents.  I am  just  depending  on  my 
memory,  because  I don’t  recall  exactly. 

Does  any  of  the  committee  have  anything  else  that  they 
want  to  bring  up  at  this  time?  Does  anyone  here  have 
any  question  on  maintenance  of  any  kind? 

In  the  paper  that  was  given  this  morning  by  Mr.  Nuss 
before  the  recess  I noticed  there  wasn’t  anything  in  par- 
ticular on  maintenance  organization.  I just  suspect  that 
every  state  has  about  the  same  kind  of  an  organization 
and  probably  any  difference  in  the  organization  is  due 
to  your  own  individual  method  of  doing  this  work.  I want 
to  leave  this  word,  however,  and  that  is,  you  must  not 
think  you  do  not  have  to  pay  very  much  attention  to 
your  maintenance  crews.  They  need  close  supervision. 

I will  give  you  a little  illustration.  It  is  rather  far 
fetched,  and  I know  none  of  you  men  have  had  any- 
thing like  it. 

About  six  or  eight  weeks  ago  I came  up  to  a crew 
that  was  making  some  patches.  They  were  using  the  sur- 
face treatment  method,  and  I noticed  plenty  of  smoke 
coming  off  the  kettle,  so  I stopped  and  asked  the  man 
in  charge  what  temperature  he  was  using  for  the  MC2 
material. 

He  said,  “I  am  using  just  what  you  have  specified.” 

I asked  him  what  that  was.  He  said,  “140.” 

Well,  it  looked  like  there  was  something  wrong,  so 
I asked  him  if  he  had  a thermometer.  He  got  the  ther- 
mometer out  and  put  it  in  the  well.  He  counted — 1,  2,  3, 
4,  5,  6,  7,  8,  9,  10 — pulled  it  out,  and  it  read  “140.” 

I said,  “Why  don’t  you  leave  it  in  there  longer?  You 
can’t  take  the  temperature  so  quickly.” 

He  said,  “Hell,  if  I leave  it  in  there  any  longer 
it  will  blow  the  end  out  of  the  thermometer!” 

You  probably  do  not  have  a great  deal  of  change 
in  your  labor.  Nobody  quits  these  days.  But  even  with 
the  little  turnover  we  have  you  cannot  overlook  some 
of  the  simple — what  might  be  classified  as  simple — in- 
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Mr.  Nuss: 


W.  W.  Zass: 

Arkansas 


Mr.  Nuss: 


J.  J.  Forrer: 

Virginia 


Mr.  Nuss: 

R.  V.  Vokao: 

New  Jersey 


Mr.  Nuss: 


structions  to  these  maintenance  forces.  I imagine  that  if 
they  sat  through  this  meeting  and  listened  to  the  dif- 
ferences of  opinion  in  regard  to  the  MC’s  and  the  SC’s 
they  might  think  that  even  we  do  not  know  all  there 
is  to  it,  so  you  have  to  be  very  tolerant  with  those  men 
and  give  them  information.  Do  not  overlook  the  little 
things ! 

Does  anyone  else  have  anything  here,  before  we  adjourn? 
I think  we  have  covered  all  the  questions  that  have  been 
handed  to  me  here. 

There  has  been  no  discussion  so  far  as  to  the  practice 
among  the  states  in  using  either  mud  jacking  or  bitumi- 
nous patching  on  sections  of  “sagged”  concrete  pavement, 
and  I would  like  to  get  some  expression  of  general  policy 
in  that  regard. 

Is  there  anyone  here  that  can  answer  Mr.  Zass’  ques- 
tion on  that?  We  haven’t,  in  Kansas,  used  any  of  the 
bituminous.  We  have  done  mud  jacking  on  our  pavements 
with  good  results,  but  we  haven’t  used  any  of  the  bitu- 
minous materials.  Is  there  anyone  here  who  has? 

I don’t  know  whether  you  could  call  our  work  patching, 
exactly,  but  after  a concrete  road  has  become  rough,  we 
bring  up  the  low  places  with  a cold  type  of  plant  mixed 
material,  hand  placed  as  a rule,  and  then  followr  with 
a surface  course  of  plant  mixed  material  machine  laid. 
Average  depth  is  about  1%  inches.  Cost  in  Virginia  for 
this  work  is  $6.00  per  ton  laid.  We  also  elevate  our 
curves  with  plant  mixed  material,  though  not  quite  as 
extensively  as  they  do  in  North  Carolina.  I don’t  be- 
lieve I could  risk  going  up  to  a foot.  Nevertheless,  we 
do  elevate  our  curves.  Many  of  the  old  roads  were  built 
with  a crown  in  the  curve  which  makes  very  objec- 
tionable driving.  We  attempt  to  make  the  road  per- 
fectly smooth,  cutting  the  old  crown  out  on  the  outside 
with  the  plant-mixed  material.  We  have  never  resorted, 
however,  to  mud  jacking. 

Does  anyone  else  have  anything  to  offer  on  that? 

I don’t  want  to  make  the  meeting  last  any  longer  than 
necessary,  but  I would  like  to  ask  a question  that  was 
propounded  in  the  Fundamentals  Sections,  to  see  what 
the  answer  might  be  from  the  maintenance  angle.  That 
question  is,  “How  do  you  define  ‘seal  coat’?” 

Did  you  all  hear  the  question?  The  gentleman  would  like 
to  know  how  we  define  our  seal  coat.  Is  there  anyone 
here  who  would  like  to  tell  us  how  he  defines  seal 
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coat  in  his  state?  How  about  you  fellows?  Do  you  have 
a definition  in  Missouri. 

S.  M.  Rudder: 

Missouri 

No. 

R.  V.  Vokac: 

New  Jersey 

The  reason  I ask  the  question  is  that  there  was  con- 
siderable concern  expressed  in  the  other  section  when 
it  was  noted  they  spoke  of  “seal  coats”  even  up  to  three- 
quarters  of  an  inch  thick.  Here  I note  in  your  abstract 
of  the  papers  that  you  mentioned  “seal  coats,”  particu- 
larly of  the  pre-mixed  kind,  running  up  as  high  as  two 
inches. 

Mr.  Nuss: 

That  is  right.  I think  all  of  the  sealing  that  was  dis- 
cussed in  the  papers  that  was  not  of  the  pre-mixed  type 
was  merely  an  application  of  oil  to  the  surface,  and 
then  chips  of  some  100-150  yards  to  the  mile  applied ; 
but  on  the  pre-mixed  seal  coat  that  did  run,  I think, 
in  Missouri,  from  three-quarters  of  an  inch  to  two 
inches,  and  I think  Maryland  spoke  of  some  material 
they  called  a seal  coat  that  was  put  on  around  an  inch 
thick.  It  seems  that  the  pre-mixed  is  the  one  that 
was  running  up  in  thickness,  and  the  other  it  is  pretty 
well  agreed  is  just  a light  distribution  of  oil  with  chips. 

Mr.  Rudder,  you  were  the  one  who  told  us  about 
your  pre-mixed  seal.  Is  that  the  way  you  speak  of  it 
in  your  state? 

S.  M.  Rudder: 

Missouri 

I think  that  it  is  probably  a misnomer,  all  right ; al- 
though one  of  the  functions  of  the  amesite  material  is 
sealing,  it  is  really  a surface  of  wearing  course  that 
has  been  applied  to  correct  a very  bad  maintenance  con- 
dition. Placing  this  material  on  the  oil  mat  cuts  off 
the  surface  water,  thus  acting  as  a seal. 

Mr.  Nuss: 

It  was  really  put  on  to  protect  the  underneath  surface 
from  water,  which  is  what  a seal  coat  is  supposed  to  do. 

S.  M.  Rudder: 

Missouri 

Yes,  and  to  add  a wearing  surface  over  the  old  oil  mat, 
I can  see  the  troubles  which  confront  the  Fundamentals 
Department. 

T.  V.  Fahnestock:  The  opinion  was  expressed  in  the  previous  section  that 


North  Carolina 

perhaps  the  term  has  been  much  too  loosely  used,  and 
that  we  should  make  some  attempt  to  distinquish  be- 
tween not  only  the  type  of  seal  that  we  are  using  but 
also  perhaps  classify  the  seal  further  as  to  its  purpose, 
whether  it  is  merely  to  make  a non-skid  surface  or 
whether  you  are  truly  sealing  the  material  for  other 
reasons. 

S.  M.  Rudder: 

Missouri 

Wouldn’t  that  be  a good  subject  for  the  round  table 
discussion  this  afternoon?  Certainly  somebody  in  this 
organization  could  suggest  a solution,  or  at  least  a 
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definition  of  sealing  and  resurfacing,  and  where  to 
draw  the  line. 


Mr.  Nuss: 

I might  ask,  did  the  Fundamentals  Section  arrive  at  any 
conclusion  on  the  subject? 

S.  M.  Rudder: 

Missouri 

No. 

Mr.  Nuss: 

Is  there  anything  else  to  be  brought  up  at  this  time? 
I again  want  to  thank  the  committee  members  and 
these  other  gentlemen  for  coming  up  and  helping  with 
this  discussion. 

We  stand  adjourned. 
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Papers  Prepared 

on 

Maintenance  of  Bituminous  Surfaces 

for 

The  Montana 
National  Bituminous 
Conference 


Maintenance  Methods 
By 

R.  M.  REINDOLLAR 


Assistant  Chief  Engineer 
Maryland  State  Roads  Commission 
Baltimore,  Maryland 

1.  Maintenance  Gangs  versus  Sections  Crews. 

Recommend  combination  to  suit  conditions. 

a.  Section  crews  to  take  care  of  shoulders,  ditches,  culverts, 
and  maintenance  of  right  of  way ; cutting  grass,  etc.,  has 
advantage  of  being  in  closer  touch  with  each  section  of 
road  and,  therefore,  gives  better  service  to  traveling  public. 

b.  Gangs  for  extraordinary  maintenance,  resurfacing  short  sec- 
tions too  small  to  put  under  contract,  storm  damage,  frost 
heaves,  etc. 

Gangs  system  can  be  better  supervised,  more  economically 
supplied,  and  a greater  amount  of  work  accomplished  per 
man.  Number  of  workmen  can  more  easily  be  increased,  or 
decreased,  to  meet  needs  of  situation. 

2.  Proper  decision  regarding  treatment  of  bituminous  surfaces — 

patch,  seal,  remix,  retread,  or  replace  bituminous  surface. 

Each  method  will  give  satisfactory  results  in  its  par- 
ticular place  and  all  are  necessary. 

Skin  patching  should  be  done  in  places  where  the  mat 
is  breaking  up  over  very  small  areas,  but  this  type  of  work 
should  be  held  down  to  a minimum.  The  best  time  is  in  the 
spring  or  in  the  fall. 

If  road  is  in  good  shape,  except  a few  pot  holes,  then, 
it  should  be  patched,  pre-mix  operation  preferred. 

If  road  shows  no  evidence  of  subgrade  failure,  possibly 
smooth,  surface  dry,  then  it  should  be  sealed.  This  work  should 
be  done  in  the  summer  months,  preferably  early  spring  to 
avoid  traffic  on  roads  where  mat  is  dead. 

If  surface  of  road  is  slightly  uneven,  due  to  excessive 
amount  of  bituminous  material,  then,  it  should  be  remixed. 
If  surface  shows  evidence  of  being  too  weak  and  needs  addi- 
tional thickness,*  then,  it  should  be  retread. 

3.  Methods  of  Patching. 

a.  This  subject  covered  somewhat  under  section  two.  Both  plant 
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mix  material  and  mix  in  place  method  for  heavy  mats  have 
been  used  successfully  in  that  state. 

b.  See  mimeographed  sheets  — Specifications  for  Bituminous  Ma- 
terials and  Suggested  Uses  for  Bituminous  Materials. 

c.  Properly  equipped  stationary  plant  preferably,  especially  where 
large  quantities  of  material  are  being  used  on  resurfacing 
operation.  Portable  bituminous  mixers  are  satisfactory  for 
patching  work. 

d.  Do  not  recommend  stock  piling  of  mixed  materials,  although 
working  conditions  in  sparsely  settled  areas  may  require  this 
where  it  would  not  be  necessary  in  this  state. 

e.  See  tabulation  sheet  on  grading  of  aggregates. 

4.  Sealing. 

a.  See  mimeographed  sheets.  Suggested  Uses  for  Bituminous  Ma- 
terials. 

b.  Fan  spreaders  used  most  extensively  in  this  state. 

c.  Maryland  Specifications  “C”  similar  to  an  Amiesite  mix 
found  to  be  very  satisfactory.  (Specifications  will  be  for- 
warded to  interested  parties  on  request.) 

5.  Shoulder  Maintenance  of  high  type  Bituminous  Surfaces. 

This  subject  could  better  be  covered  by  actual  discussion  at 
Convention  as  a great  deal  can  be  said  both  for  and  against 
placing  bituminous  material  on  shoulders  depending  upon  condi- 
tions. Necessity  depends  on  width  of  paved  surface  of  roadway 
in  relation  to  volume  of  traffic  using  it,  also,  topography  of 
country,  nature  of  soil,  and  precipitation  to  determine  effect 
of  scour,  which  would  justify  excessive  first  coat  by  reduc- 
tion of  maintenance  operations. 

6.  Shoulder  Maintenance  of  Low  Bituminous  Surface. 

Same  conditions  prevail  as.  in  Section  Five. 

7.  Reconstruction  of  Surface  Failures. 

a.  Where  failure  is  due  to  the  bituminous  surface  itself,  the 

surface  should  be  scarified,  reshaped,  and  an  additional  thick- 
ness of  surface  placed  on  the  old  surface.  Volume  of  traffic 

and  probable  increase  in  traffic  should  be  taken  into  con- 

sideration. If  surface  failure  is  due  to  heavy  loads  which 
were  not  anticipated  at  time  of  original  construction,  higher 
type  of  pavement  should  be  constructed. 

b.  Where  failure  is  due  to  subgrade  distortion,  then,  proper 

stabilization  of  subgrade  and  drainage  corrections  are  ap- 
parently necessary. 
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STATE  OF  MARYLAND 
STATE  ROADS  COMMISSION 
BALTIMORE,  MARYLAND 


SUGGESTED  USES  FOR  BITUMINOUS  MATERIALS— LIQUID  ASPHALT 

RC-1 Surface  Treatment  with  light  cover,  free  from  dust. 

May  be  warmed  slightly. 

RC-2. . Cold  Patch  Mixtures,  open  graded  material.  May  be 

warmed  slightly.  Should  be  aged  in  stockpile  24  hours 
before  use. 

R/C-3- For  road  mix  wearing  course  roller  compacted.  May 

be  heated  to  150°  F. 

RC-4 For  roller  compacted  plant-mix  wearing  course,  open 

graded  aggregate  from  1 to  May  be  heated 

150°  F. 

RC-5 ...For  penetration  macadam  in  cold  weather.  May  be 

heated  to  180°  F. 

These  asphalts  do  not  harden  rapidly: 

MC-1 For  prime  coat  for  initial  surface  treatment,  cold 

application. 

MC-2 For  traffic  compacted  road  mix  with  densely  graded 

aggregate.  May  be  heated  to  150°  F. 

MC-3 For  roller  compacted  road-mix  wearing  course,  open 

graded  aggregate.  May  be  heated  to  150°  F. 

MC-4 For  roller  compacted  plant-mix  wearing  course  in  hot 

weather,  open  graded  aggregate.  Aggregate  and  as- 
phalt should  both  be  warmed. 

MC-5 Same  as  for  MC-4,  except  that  aggregate  may  be 

more  open. 

These  asphalts  do  not  harden  and  do  not  develop  high  cementitiousness: 

SC-1 Dust  layer. 

SC-2 ...Traffic  compacted  road  mix. 

SC-3 ...Traffic  compacted  road  mix,  dense  graded  aggregate. 

SUGGESTED  USES  FOR  BITUMINOUS  MATERIALS  — TARS 

RT-1 Soil  stabilization  and  occasionally  prime  coat  on  heavy 

clay  soils.  May  be  heated  to  125°  F. 

RT-2 Prime  coat  on  medium  clay  soils  and  for  use  in  cold 

weather.  May  be  heated  to  125°  F. 

RT-3 .Prime  coat  in  hot  weather  on  rather  open  surfaces. 

May  be  heated  to  130°  F.  Soil  stabilization. 
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RT-4 Surface  treatment  with  open  graded  cover.  May  be 

heated  to  130°  F. 

RT-5 Surface  treatment  where  heavier  carpet  coat  is  wanted ; 

also,  road  mix.  May  be  heated  to  150°  F. 

RT-6 For  open  graded  road  mix  in  cold  weather.  May  be 

heated  to  150°  F.  Also,  soil  stabilization. 

RT-7 Same  as  RT-6,  except  that  the  material  may  be  used 

as  plant  mix.  May  be  heated  to  225°  F. 

RT-8 


RT-9 Hot  surface  treatment.  Plant  mix  and  seal  coat.  May 

be  heated  to  225°  F. 

RT-10 For  use  in  hot  surface  treatment  on  open  surface. 

May  be  heated  to  225°  F. 

RT-11--- For  crack  filler  and  penetration  macadam  in  cold 

weather.  May  be  heated  to  250°  H.  Hot  patch. 

RT-12 For  penetration  macadam.  May  be  heated  to  250°  F. 

RTCB-5 For  cold  patch  in  cold  weather;  also,  road  mix  in 

surface  treatment  (quick  setting).  May  be  heated  to 
120°  F. 

RTCB-6 ...Same  as  RTCB-5,  except  for  warm  weather. 


STATE  OF  MARYLAND 
STATE  ROADS  COMMISSION 


SPECIFICATIONS  FOR  BITUMINOUS  MATERIAL 

Revised  April,  1937 


METHODS  OF  TEST  FOR  ASPHALTS 


Specific  Gravity  

Sampling  

Flash  Point  

Furol  Viscosity  (Saybolt  Furol) 

Distillation  

Float  Test  - 

Penetration  Test  

Ductility  Test  

Solubility  in  Carbon  Disulphide— 

Water  and  Sediment  

Homogeneity  - 


-A.A.S.PI.O. 

T-43 

-A.A.S.H.O. 

T-79 

-A.A.S.H.O. 

T-79  (Liquid) 

T-48  (Cement) 

-A.A.S.H.O. 

T-72 

-A.A.S.H.O. 

T-78 

-A.A.S.H.O. 

T-50 

-A.A.S.H.O. 

T-49 

-A.A.S.H.O. 

T-51 

-A.A.S.H.O. 

T-44 

-.A.S.T.M.  D 

-96-30 

A.S.T.M.  Proceedings,  1936 
Oliensis  Spot  Test 


Proportion  of  Bitumen  Soluble  in  Carbon 

Tetrachloride  A.A.S.H.O.  T-45 
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METHODS  OF  TEST  FOR  TARS 


Sampling  and  Testing  of  Road  Tars  shall  be  in  accordance  with  the 
following  Standard  Methods  of  the  A.  A.  S.  H.  0. 


Sampling  T-40 

Specific  Viscosity  T-54 

Float  Test  T-50 

Specific  Gravity  T-43 

Total  Bitumen  ...T-44 

Water  T-55 

Distillation  T-52 

Softening  Point  T-53 


ASPHALT  CEMENTS 


Prepared  from  Petroleum: 

The  Asphalt  Cement  shall  he  homogeneous,1  free  from  water  and 
pressure  still  residues,  shall  not  foam  when  heated  to  a temperature  of 
175°  C.,  and  shall  conform  to  the  following  requirements: 


Maryland  'A’  Maryland  ‘B’ 


Penetration,  at  25°  C.,  100  g.,  5 sec 85-100 

Total  Bitumen  (soluble  in  carbon  disulphide) 

Not  less  than  99.5% 

Proportion  of  Bitumen  soluble  in  carbon  tetra- 
chloride,, not  less  than  99.0% 

Ductility  at  25°  C.,  not  less  than  100  cms. 

Flash  Point,  °C.,  not  less  than  200 

Loss  at  163°  C.,  5 hours,  not  more  than  1.0% 

Penetration  of  Residue  at  25°  C.,  100  g.,  5 sec., 
as  compared  to  penetration  before  heating,  not 
less  than  70% 


50-60 


99.5% 


99.0% 
100  cms, 
200 
1.0% 


70% 


L As  indicated  by  Oliensis  Spot  Test  (Proceedings  A.S.T.M.,  1936) 

Prepared  from  Native  Asphalt: 

The  Asphalt  Cement  shall  be  homogeneous,  free 
from  water,  shall  not  foam  when  heated  to 
a temperature  of  175°  C.,  and  shall  conform 
to  the  following  requirements : 

Penetration  at  25°  C.,  100  g.,  5 sec 85-100  50-60 

Total  Bitumen  (soluble  in  carbon  disulphide) 

Not  less  than  (Note  2)  95.0%  Note  3-T  60% 

B 94% 

Proportion  of  Bitumen  soluble  in  carbon  tetra- 
chloride, not  less  than  99.0%  99.0% 

Ductility  at  25°  C.,  not  less  than  75  cms.  75  cms. 

Flash  Point,  °C.,  not  less  than  200  200 
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Loss  at  163°  C.,  5 hours,  not  more  than  2.0%  2.0% 

Penetration  of  Residue  at  25°  C.,  100  g.,  5 sec.,  as 
compared  to  penetration  before  heating,  not  less 

than  60%  60% 

2.  For  Bermudez  Asphaltic  Cement. 


3.  T for  Trinidad  Asphaltic  Cement. 

B for  Bermudez  Asphaltic  Cement. 

LIQUID  ASPHALTS  — RAPID  CURING  TYPES 

This  asphalt  shall  be  free  from  water,  homogeneous,  and  free  from 
pressure  still  residues.  (Note  1).  It  shall  conform  to  the  following  re- 
quirements, when  tested  in  accordance  with  the  methods  hereinbefore 
enumerated : 

Base  stock  for  these  asphalts  shall  conform  to  require- 
ments for  Maryland  *'A’. 

The  Flux  shall  be  a petroleum  product  and  shall  conform 
to  the  following  distillation  requirements : 

Total  Distillate  to  200°  F Not  more  than  8% 

Total  Distillate  to  300°  F..„ .Minimum  30% 

Total  Distillate  to  400°  F.. Minimum  90% 

End  Point  425°  F. 


General  Requirements : 

RC-1  j 

RC-2 

RC-3 

RC-4 

RC-5 

Flash  Point  (Open  Tag)  °F.  ........ 

80+ 

80+ 

80+ 

80+ 

Furol  Viscosity  at  122°  F 

80-160 

200-400 

Furol  Viscosity  at  140°  F 

275-400 

700-1400 

Furol  Viscosity  at  210°  F 

125-250 

Distillation,  % by  volume, 

Total  Distillate  to : 

374°  F 

5+ 

437°  F 

12+ 

10+ 

3+ 

0.5+ 

5+ 

600°  F 

25+ 

20+  ! 

14  + 

7+ 

10+ 

680°  F 

40- 

35- 

30- 

j 25- 

20- 

Tests  on  Residue  from  Distillation: 

1 

Penetration  77°  F.,  100  g.,  5 sec. 

60-120  | 

60-120 

60-120 

| 60-120 

70-110 

Ductility  at  77°  F.  — 

ioo+  I 

100+ 

100+  I 

100+ 

100+ 

Per  cent  Soluble  in  CS2  

99.5+  ! 

99.5+ 

99.5+  1 

99.5+ 

99.5+ 

Note  1:  As  indicated  by  Oliensis  Spot  Test  (A.S.T.M.  Proceedings,  1936). 

NOTE: 

For  products  in  which  the  asphalt  base  is  refined  from  California  crudes, 
the  distillation  requirements  will  be  changed  to  the  following: 


To  374° 

To  437° 

To  600 

Min. 

Min. 

Min. 

RC-1  

4% 

8% 

14% 

RC-2 

9% 

16% 

RC-3 

2% 

12% 

RC  4 

0.5% 

5% 

RC-5  

1% 

4% 

LIQUID  ASPHALTS  — MEDIUM  CURING  TYPES 

General:  The  base  stock  of  this  asphalt  shall  conform  to  requirements  set  up 
under  these  specifications  for  Maryland  ‘A  : 
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This  asphalt  shall  be  homogeneous,  free  from  water  and  free  from 
pressure  still  residues.  It  shall  conform  to  the  following  requirements 
when  tested  in  accordance  with  the  methods  hereinbefore  enumerated; 


General  Requirements 

MC-1 

MC-2  | 

MC-3 

MC-4 

MC-5 

Flash  Point  (Open  Tag)  °F 

150+ 

150+ 

150+ 

150+ 

Furol  Viscosity  at  77°  F 

40-150 

Furol  Viscosity  at  140°  F.  

150-250 

300-500 

500-800 

Furol  Viscosity  at  180°  F 

170-280 

Distillation,  per  cent  by  volume, 

Total  Distillate  to : 

437°  F 

10- 

2- 

2- 

1- 

1- 

600°  F.  

25- 

10-20 

8-20 

16- 

14- 

680°  F 

50- 

27- 

25- 

25- 

20- 

Tests  on  Residue  from  Distillation: 

Penetration  77°  F.,  100  g.,  5 sec. 

70-300 

100-300 

100-300 

100-300 

100-300 

Ductility  at  77°  F 

100+ 

ioo+  ! 

100+ 

100+ 

100+ 

Per  cent  Soluble  in  CS2  | 

99.5+  | 

99.5+  | 

99.5+  | 

99.5+ 

99.5+ 

LIQUID  ASPHALTS  — SLOW  CURING  TYPES 

This  asphalt  shall  meet  the  following  requirements  when  tested  in  ac- 
cordance with  the  methods  hereinbefore  enumerated : 


General  Requirements: 

1 sc-i  | 

SC-2  | 

SC-3 

Water  and  Sediment,  per  cent  

2- 

1 2- 

2- 

Flash  Point  (Clevelond  Open  Cup)  °F.  .. 
Furol  Viscosity  at  77°  F 

150+  i 

20-150 

200+ 

200+ 

Furol  Viscosity  at  122°  F 

200-320 

Furol  Viscosity  at  140°  F 

150-300 

Distillation  per  cent  by  volume: 

Total  Distillate  to  437°  F 

2- 

2- 

Total  Distillate  to  600°  F.  

15- 

10- 

Total  Distillate  to  680°  F 

50- 

25- 

20- 

Tests  on  Residue  from  Distillation: 
Float  at  122°  F 

50- 

25+ 

25+ 

Per  cent  soluble  in  Carbon  Disulphide  .. 

99.0+ 

99.0+ 

99.0+ 

ROAD  TAR  SPECIFICATIONS 


Grades: 

RT-1 

RT-2 

RT-3  I 

RT-4  | 

RT-5 

RT-6 

RT-7 

Consistency: 

Engler  Sp.  Vise,  at 

40°  C 

50°  C 

Float  Test  at  32°  C. 
Float  Test  at  50°  C. 

5-8 

8-13 

13-22 

22-35  | 
1 

| 17-26 

1 

26-40 

50-80 

Sp.  Gravity  at /25°  C. 
Total  Bitumen,  % 

1.08+ 

1.08+ 

1.09+ 

1.09+  ! 

1 

1.10+ 

1.10+ 

1.12  + 

by  weight 

88+ 

88+ 

88+ 

88+  1 

83+ 

83  + 

78+ 

Water,  % by  volume. 
Distillation,  % by  wt. 

2.0- 

2.0- 

2.0- 

2.0- 

1 

! 15- 

1.5- 

1.0- 

To  170°  C. 
To  200°  C. 
To  235°  C. 

7.0- 

7.0- 

7.0- 

5.0- 

j 

| 5.0- 

5.0- 

3.0- 

To  270°  C. 

35.0- 

35.0- 

30.0- 

30.0-  | 

25.0- 

25.0-  | 

20.0- 

To  300°  C. 
Softening  Point  of 
Distillation  Residue, 

45.0- 

45.0- 

40.0- 

40.0- 

35.0- 

35.0-  | 
35-60  | 

30.0- 

°C 

60- 

60- 

35-60 

35-60  | 

| 35-60 

35-60 
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Grades: 

RT-8 

RT-9 

RT-10 

! RT-11 

! RT-12 

RTCB-5 

RTCB-6 

Consistency: 

Engler  Sp.  Vise,  at 

40°  C 

50°  C 

1 

I 

j 

17-26 

26-40 

Float  Test  at  32°  C. 
Float  Test  at  50°  C. 

80-120 

120-200 

75-100 

100-150  | 

150-220 

Sp.  Gravity  at  /25°  C. 
Total  Bitumen,  % 

1.14+ 

1.14+ 

1.15+ 

1.16+ 

| 1.16+ 

1.09  + 

1.09  + 

by  weight 

78+ 

78+ 

75+ 

75+ 

75+ 

80+ 

80+ 

Water,  % by  volume.. 
Distillation,  % by  wt. 

0 

0 

0 

o ! 

1 

0 1 

! 

1.0- 

1.0- 

To  170°  C. 

1.0- 

1.0- 

1.0- 

1.0- 

1.0- 

1. 0-8.0 

1. 0-8.0 

To  200°  C. 

5.0  + 

5.0  + 

To  235°  C. 
To  270°  C. 

15.0- 

13.0- 

10.0- 

10.0- 

10.0- 

8.0-18.0 

8.0-18.0 

To  300°  C. 
Softening  Point  of 

25.0- 

! 25.0- 

1 

20.0- 

20.0- 

20.0- 

35.0- 

35.0- 

Distillation  Residue, 

°C 

35-60 

i 35-60 

40-65 

40-65 

40-65 

40-65 

40-65 

MARYLAND  ‘K’ 

(Asphalt  Crack  Filler) 

This  material  shall  be  an  asphalt  of  eighty-five  (85)  to  one  hundred 
ten  (110)  penetration  in  which  there  has  been  homogeneously  incorporated 
fifteen  (15)  to  twenty-five  (25)  per  cent  by  weight  of  mineral  flour  of 
such  fineness  that  no  appreciable  separation  of  the  mixture  will  occur 
while  being  maintained  in  a liquid  condition.  The  mixture  shall  meet 
the  following  requirements : 


Min.  Max. 


Penetration  at  25°  C.,  100  gr.,  5 sec 65  100 

Ductility  at  25°  C.,  CM  30 

Inorganic  insoluble  in  CS2,  per  cent  by  weight  15  26 

Evap.  loss,  per  cent  weight,  50  grs.,  5 hours 

163°  C , 2 
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Maintenance  of  Bituminous  Surfaces 

By 

J.  J.  FORRER,  Maintenance  Engineer, 

Virginia  Department  of  Highways 
Richmond,  Virginia 

MAINTENANCE  ORGANIZATION 
GANG  VS.  SECTION  CREWS 

There  is  no  controversial  meaning  m 
the  above  subject.  There  is  a place  in 
road  maintenance  for  gang  work  and  a 
place  for  the  section  crew  or  so  called 
patrol  unit.  The  kind  of  organization  to 
be  used  is  the  one  that  will  produce  the 
best  results  and  give  the  best  service 
under  the  conditions  found. 

Gang  Maintenance 

This  organization  is  best  suited  to 
roads  not  highly  improved,  that  require 
considerable  additional  replacement  of  ma- 
terials, excessive  ditch  work,  and  a grad- 
ual improvement  of  surface,  etc. 

Referring  to  the  problems  in  Virginia, 
where  there  are  37,000  miles  of  Secondary 
System  roads  and  9,000  miles  of  Primary 
System  roads  to  be  maintained;  it  has  been 
found  that  for  gradual  improvement  of  earth 
road  conditions,  especially  where  local  material  is  available,  that  the  gang 
system  works  out  to  a wonderful  advantage.  For  instance,  about  all 
that  can  be  done  to  an  earth  road  without  surface  is  to  keep  it  free  from 
ruts.  This  can  be  done  by  the  patrol  system,  but  the  conditions  recur 
after  each  rain.  During  dry  weather  and  after  the  roads  have  been 
smoothed  up,  the  patrolman  practically  marks  time  until  the  next  rain 
because  his  organization  is  so  small  and  equipment  so  light  that  even 
though  he  and  his  one  or  two  helpers  keep  busy  they  accomplish  very 
little. 

On  the  other  hand,  if  you  combine  say  five  or  six  patrolmen  and 
their  equipment  under  one  head,  the  trucks  can  be  more  quickly  loaded  by 
the  helpers  with  no  loss  of  time  by  helpers  or  laborers  waiting  at  the 
pit  or  source  of  material.  Crushers  can  be  operated  and  much  valuable 
material  produced  with  the  gang  system,  where  such  an  operation  would 
be  impossible  with  an  exclusive  patrol  system. 

During  weather  when  roads  need  dragging  or  light  machining,  the 
gang  is  split  up  into  small  units  and  smooth  the  roads  up  in  the  area 
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assigned  to  them.  This  completed  the  gang  is  put  back  into  operation 
and  in  a years’  time  many  miles  of  roads  are  covered  with  materials 
that  stabilize  the  earth,  thereby  producing  year-round  serviceable  roads. 

Section  Crew  or  Patrol  Maintenance 

This  organization  is  best  suited  to  roads  that  are  surfaced  with  ma- 
terials that  do  not  rapidly  wear  away  under  traffic  and  where  the  roads 
have  been  properly  constructed  with  good  drainage  ditches.  The  patrolman 
and  his  helpers  can  usually  take  care  of  conditions  on  a sixty  (60)  mile 
section  provided  repair  work  is  light  and  his  attention  is  not  confined 
too  long  at  one  point.  If  the  same  roads  were  maintained  by  a gang, 
in  order  to  keep  the  force  busy,  the  mileage  would  have  to  be  greatly  in- 
creased. This  would  cut  down  the  frequent  inspections  so  necessary  to 
keep  a road  in  first  class  condition.  Under  heavy  traffic  small  holes  soon 
become  larger,  dangerous  and  more  costly  to  patch. 

Conclusion 

In  conclusion,  it  is  believed  that  the  Maintenance  Engineer  should  be 
given  latitude  to  set  up  the  organization  best  suited  to  the  conditions.  There 
is  certainly  a place  for  the  various  systems  in  every  state,  and  it  is 
believed  that  no  one  system  will  apply. 

SHOULDER  MAINTENANCE  OF  HIGH  TYPE  BITUMINOUS 

SURFACES 

Shoulder  maintenance  for  any  type  of  surface  is  the  one  operation 
that  has  more  puzzling  features  than  any  other  work  connected  with 
general  maintenance  work.  The  variation  of  soils  encountered,  the  amount 
and  type  of  traffic  using  the  road,  the  grades  on  which  the  road  is 
built,  and  many  other  influences  have  a bearing  on  the  proper  opera- 
tions to  perform  in  securing  the  best  results. 

Rural  roads  only  are  considered  in  this  article  where  parking  is  not 
general  and  drainage  is  directly  into  well  defined  side  ditches.  On  such 
roads  there  are  four  general  types  of  shoulders  to  be  considered,  i.  e. : 
(1)  earth  type  built  from  regular  excavation  material,  (2)  earth  type  built 
with  selected  materials  that  naturally  become  stabilized,  (3)  soil  type 
either  natural  or  made  on  which  grass  will  grow,  and  (4)  the  bituminous 
sealed  type. 

1.  Earth  type  shoulders  built  with  regular  excavation  materials  present 
a problem  that  at  the  best  are  expensive.  The  material  dusts  up  in  dry 
weather  and  erodes  badly  in  wet  weather.  Maintenance  operations  to  keep 
them  well  shaped  in  many  cases  tend  to  aggravate  the  above  faults,  and 
considerable  expense  is  involved  in  replacement.  Compaction  helps  some 
and  should  be  done  with  a roller  weighing  not  less  than  eight  tons.  The 
material  as  generally  found  in  regular  excavation  will  not  grow  grass 
and  is  unsuited  for  a bituminous  seal  coat.  Stabilization  with  crusher! 
stone  or  gravel  near  the  edge  of  the  pavement  is  necessary  to  prevent 
tracking  of  dirt  onto  the  pavement  and  to  cut  down  erosion.  Where . traffic 
is  light  the  aggregate  need  not  be  applied  more  than  several  inches  in 
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depth  and  1%  to  2 feet  in  width.  This,  while  costly  to  begin  with,  pays 
big  dividends  in  service  and  satisfaction. 

2.  Few  states  have  specifications  that  provide  for  selected  materials 
to  be  used  for  shoulders  that  will  naturally  become  stabilized.  In  sections 
where  such  material  is  available,  this  item  should  be  given  serious  con- 
sideration, and  included  in  the  contract.  Such  material  as  soil  with  natural 
aggregate  will  become  stable  and  if  properly  handled  will  grow  grass. 
Natural  gravel,  either  creek  or  bank,  with  a small  amount  of  filler,  makes 
ideal  shoulders.  Either  of  the  above  materials,  as  a rule,  will  hold  bitumi- 
nous seal  after  becoming  compacted. 

3.  Where  traffic  is  light  and  the  wear  along  the  edges  is  of  no 
consequence,  the  grass  shoulder  is  ideal.  To  produce  grass  it  is  necessary 
to  have  fertile  soil.  Careful  selection  of  field  soil  and  the  use  of  a small 
amount  of  fertilizer  will  produce  satisfactory  results  in  a short  time. 
The  beautiful  effect  is  well  worth  the  expense.  Provision  for  such  con- 
struction should  be  provided  for  in  the  contract.  It  is  quite  necessary 
to  keep  the  shoulders  low  as  grass  has  a tendency  to  catch  dirt  and  gradually 
build  higher  than  the  pavement.  One  disadvantage  is  that  drainage 
is  a bit  sluggish  through  grass. 

4.  Bituminous  sealed  shoulders  are  ideal  if  properly  constructed  of 
material  sufficiently  strong  to  carry  traffic.  As  a general  thing,  however, 
it  is  observed  that  traffic,  either  through  carelessness  or  intent,  use  such 
shoulders  more  than  necessary,  thereby  increasing  the  wear  and  bringing 
about  high  maintenance  costs.  In  congested  areas  and  on  heavily  travelled 
roads  where  any  other  material  will  not  stand  up,  they  perform  a temporary 
service  that  is  well  worth  while  until  widening  of  the  pavement  is  pro- 
vided. 

As  stated  in  the  beginning  of  the  article,  different  conditions  will 
permit  different  types  of  shoulders,  and  it  has  been  the  endeavor  to  ex- 
plain to  some  extent  the  use  of  each  type  of  shoulder.  It  is  believed, 
however,  as  indicated  that  more  care  by  the  construction  department 
should  be  given  to  shoulders  by  the  use  of  proper  materials.  This  seems 
to  be  one  item  that  is  generally  ignored  by  designers  of  highways,  leaving 
the  burden  on  the  maintenance  departments  to  correct  what  is  in  reality 
faulty  construction. 
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Maintenance  of  Bituminous  Surfaces 

By 

A.  D.  STANLEY 

Construction  and  Maintenance  Engineer 
Idaho  Department  of  Public  Works 
Boise,  Idaho 


THE  SEALING  OF  BITUMINOUS  MATS 


The  following  remarks  in  regard  to 
the  sealing  of  bituminous  mat  road  sur- 
faces apply  only  to  Idaho  and  the  inter- 
mountain Rocky  Mountain  region  where 
climatic  conditions  are  similar  and  where 
a large  volume  of  roadside  material  is 
readily  available  for  surfacing  and  where, 
to  a large  extent,  the  haul  on  oils  is  long. 

Seal  coating  in  the  opinion  of  most 
of  those  engaged  in  providing  bituminous 
surfaced  roads  has  the  same  relation  to 
oil  mats  as  a roof  has  to  a house.  It  seals 
off  the  moisture,  prolongs  the  life  of  the 
structure,  prevents  the  action  of  frost  with- 
in, deflects  water  to  its  proper  drainage 
channels,  prevents  distortion  and  displace- 
ment and  tends  to  stabilize  the  founda- 
tion. 

The  purpose  coincident  with  seal  coat- 
ing is  the  development  of  non-skid  road  surfaces  in  relation  to  the 
tractor  braking  form  of  motor  vehicles. 


The  use  of  rock  chips  in  conjunction  with  sealing  affords  a non-skid 
surface.  The  size  of  the  materials  and  the  adhesion  and  quantity  and 
quality  of  the  oil  binder  makes  the  difference  between  an  oil  and  a rock 
wearing  surface.  The  former  tend  to  glaze  and  the  other  is  non-skid 
and  affords  the  maximum  adhesion  of  tires  consistent  with  smooth  riding. 


There  has  been  much  said  and  printed  about  the  application  of  seal 
coats.  Both  good  and  bad  results  have  been  achieved  and  expounded  upon 
by  those  having  used  similar  procedure.  When  a result  is  disclosed,  the 
reasons  given  for  the  differing  results  from  similar  procedure  are  usually 
too  intangible  for  the  development  of  a more  precise  formula.  In  other 
words,  the  personal  equation  and  many  other  equally  intangible  variables 
such  as  local  and  temporary  conditions  intrude  themselves  at  various 
places  and  times  and  in  varying  quantities.  The  result  is  irregularity  in 
the  finished  product.  A closer  understanding  of  these  variables  is  one 
of  the  purposes  of  these  meetings  of  the  National  Bituminous  Conference, 
which  are,  in  a sense,  experience  meetings  between  the  various  states. 

(a)  Grade  and  Type  of  Materials.  Some  of  the  best  results  have 
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been  obtained  from  using  SC-4  oil.  This  is  not  considered  orthodox  practice 
by  many  authorities.  This  oil,  however,  is  more  pliable,  especially  in  the 
intermountain  country  where  there  is  extreme  heat  and  cold.  It  does  not 
get  as  brittle  as  the  medium  curing  materials. 

The  results  obtained  were  secured  b}^  using  stone  chips  of  a size 
passing  a % inch  square  opening  with  not  more  than  8%  passing  a 200 
mesh  sieve. 

This  oil,  however,  is  not  recommended  for  use  with  sand  or  other  fine 
materials.  There  seems  to  be  a tendency  to  over-apply  sand  with  the 
result  that  a scale  is  formed  which  abrades  under  traffic  and  tends  to 
corrugate  the  mat  proper. 

The  sand,  as  a whole,  does  not  prove  as  dependable  as  rock  chips 
for  the  reason  that  even  if  a good  result  is  obtained  a glazed  finish, 
dangerous  to  traffic,  soon  develops.  Sand,  if  used,  should  be  applied  in 
two  coats  to  permit  more  exact  application. 

In  past  years  MC-4  has  been  used  largely  for  sealing  but  has  re- 
sulted in  a very  considerable  loss  of  cover  coat  material  due  to  the 
pick-off  of  fast  traffic  and  wide  tires.  This  has  been  aggravated  by  the 
slow  curing  qualities.  The  older  methods  are  passing  and  newer  ones 
developed  to  meet  the  increasing  demands  of  traffic. 

A large  percentage  of  sealing  jobs  this  year  will  be  done  with  RCA 
oils  to  avoid  the  losses  of  material  resulting  from  previous  methods.  The 
excessive  range  in  temperatures  in  the  intermountain  country  requires 
rapid  curing  of  seal  coats  to  prevent  the  loss  of  oil  through  too  great 
penetration  into  the  oil  mat  and  lack  of  bonding  of  the  cover  ma- 
terial. This  is  particularly  true  in  sealing  new  mats. 

The  amount  of  oil  applied  for  satisfactory  results  is  about  .25  to 
.3  of  a gallon  per  square  yard  using  25  to  30  pounds  of  cover  coat 

material  per  square  yard.  Allowance,  however,  should  be  made  for  loss 

in  handling.  Penetration  can  be  delayed  and  a more  effective  applica- 

tion of  oil  to  rock  chips  effected  by  lightly  spraying  the  mat  with  water 
immediately  ahead  of  the  application  of  bituminous  materials.  Very  satis- 
factory results  have  been  obtained  by  this  method.  Operations  are  thus 
enabled  to  be  carried  on  throughout  the  day  instead  of  being  stopped 

by  excessive  temperatures  which  cause  unduly  rapid  penetration. 

When  the  spray  dampened  surface  of  the  oil  mat  is  covered  by  an 
application  of  oil  a slight  boiling  effect  is  produced.  This  action  tends 
to  hold  up  the  oil  and  delay  penetration  until  the  chips  can  be  placed, 
thus  allowing  time  for  the  chips  to  enter  the  oil  before  it  penetrates 
or  congeals.  This  method  is  particularly  effective  when  used  in  sealing 
new  mats. 

Some  of  the  Intermountain  states  use  95+  road  oil  almost  to  the 
exclusion  of  other  kinds.  As  parts  of  this  area  are  far  from  a base  of 
oil  supply  the  use  of  95+  is  economical  from  the  standpoint  of  transporta- 
tion costs. 

Changes  in  practice  have  been  put  into  effect  more  rapidly  in  some 
states  than  others.  Cutbacks  have  been  used  exclusively  by  some  states 
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because  they  are  easier  to  handle  than  the  heavier  asphaltic  oils  snch 
as  95-|  However,  the  increasing  demands  of  traffic  are  developing  condi- 
tions that  are  forcing  recognition  of  the  fact  that  practice  must  keep 
in  step,  or  inaction  will  cost  more  than  action.  It  seems  apparent  that 
all  of  the  intermonntain  states  will  probably  adopt  heavier  sealing  ma- 
terials, that  will  afford  a more  substantial  non-skid  surface  through  the 
use  of  large  rock  chips  more  firmly  embedded  in  heavier  asphaltic  oils. 
Idaho,  for  example,  may  in  the  near  future  adopt  a standard  requiring 
the  use  of  95-)-,  MC-5  and  RC-5  oils. 

(b)  Methods  of  Applying  Cover  Material.  The  proper  distribution  of 
cover  material  is  a considerable  factor  in  reducing  costs  through  reduc- 
tion of  losses  of  material.  The  arrival  of  effective  mechanical  spreaders  on 
the  market  is  of  comparatively  recent  date  and  this  equipment  not  only 
effects  a saving  in  material  but  in  time  also.  For  the  best  results  these 
are  equipped  with  agitators  and  operated  with  3%  to  5 ton  trucks  be- 
cause they  permit  a longer  and  more  economical  spread  of  material. 

Satisfactory  results  in  spreading  can  be  obtained  by  various  of 
the  homemade  rigs  which  preceded  the  present  mechanical  spreaders  but 
it  is  difficult  to  standardize  homemade  equipment. 

Spreader  boxes  have  been  used  to  fairly  good  advantage  and  also 
what  is  known  as  a “turkey  tail.”  The  latter  consists  of  a steel  plate 
with  radiating  vanes  attached  to  the  rear  of  a truck.  The  average  home- 
made rig  is  most  effective  when  not  over  ten  feet  in  width.  Although 
the  homemade  boxes  and  spreaders  were  rather  crude  they  answered  the 
purpose  for  a long  time  though  now  it  is  evident  that  they  were  responsible 
for  some  of  the  irregularities  that  we  had  not  attributed  to  them.  In  the 
past,  also,  spreading  for  surface  was  not  the  customary  practice  that  it 
is  todpy  and  this  probably  accounts  for  the  lag  in  development  of  mechani- 
cal devices. 

Mechanical  equipment  and  large  units  tend  to  remove  a little  more 
of  the  personal  equation  from  the  results  secured. 

The  rolling  of  the  rock  chips  after  they  have  been  spread  upon  the 
mat  is  a very  essential  factor  in  securing  results  in  both  sealing  and 
producing  a lasting  non-skid  surface.  Rolling  should  immediately  follow 
the  spreading  of  the  rock  chips  in  order  to  compress  the  chips  into  the 
oil  before  it  penetrates  the  mat  or  congeals  and  also  to  bed  them  into 
the  mat  to  some  extent. 

There  is  a relation  between  the  hardness  of  the  chips,  the  mat,  and 
the  weight  of  the  roller  used.  Excess  weight  of  roller  has  a tendency  to 
crack  the  chips  thus  reducing  their  size  and  reducing  their  effectiveness 
in  producing  the  non-skid  surface  the}1-  were  expected  to  create.  This  crack- 
ing or  crushing  might  also  break  the  sealing. 

Different  states  vary  in  their  preference  for  tandem,  three-wheeled 
and  pull  rollers  and  between  five  and  eight  tons  of  weight.  A three- 
wheeled power  roller  will  cover  the  greater  area  in  a given  time  because 
of  its  additional  width.  There  is  little  unanimity  of  opinion  on  this  sub- 
ject, however. 

During  the  past  year  Idaho  used  a pneumatic  tired  roller  of  adjustable 
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weight  with  very  satisfactory  results.  This  machine  is  fast  and  is  an 
all-year  piece  of  equipment  and  can  be  propelled  by  most  any  type  of 
equipment.  In  my  opinion  this  type  of  roller  has  many  possibilities. 

(c)  Have  no  comments  to  make  on  plant  mix  seal  mixtures. 

METHODS  OF  PATCHING 

(a  Pre-mixed  vs.  Mixed  in  Place.  Heavy  and  Light  Treatments.  Our 

fast  and  irresponsible  drivers  are  the  first  factor  to  be  thought  of  when 
considering  methods  of  doing  work  on  the  traveled  way  of  our  highways.  * 
The  driver  to  some  extent  is  responsible  to  himself  but  we  are  responsible, 
for  our  men.  However,  the  driver  and  the  methods  we  require  our  men 
to  use,  determine  the  extent  to  which  our  men  and  the  public  are  ex- 
posed to  danger.  They  determine  also  the  amount  of  time  that  the  menj 
spend  in  protecting  themselves.  The  methods  used  also  determine  the  amount  i 
of  equipment  utilized  and  exposed  to  traffic. 

These  requirements  all  point  to  the  use  of  methods  of  patching  that  I 
require  a minimum  of  exposure  of  men  and  equipment  on  the  traveled  I 
way.  Pre-mixed  patching  meets  these  requirements  to  a greater  degree 
than  mixed,  in  place,  patching  because  a greater  part  of  the  preparatory 
work  is  done  off  the  traveled  way. 

Another  factor  often  disregarded  when  methods  are  under  considera- ; 
tion  is  the  amount  of  education  required  in  the  personnel  in  proportion  to 
their  permanence  in  service.  In  other  words,  simple,  direct  methods  re- 
quiring a minimum  of  experience  must  be  employed  when  the  personnel 
is  too  liquid  to  justify  extensive  education.  Re-mixed  patching  has  a further 
advantage  in  this  respect  also  as  one  experienced  man  doing  the  mixing 
is  sufficient  to  keep  several  unskilled  men  busy  placing  the  patch  of 
pre-mixed  material. 

No  distinction  in  Idaho  is  made  between  the  methods  used  for  light 
and  heavy  oiled  mats  except  that  on  light  mats  the  patch  material  is 
placed  a little  deeper  than  the  original  mat. 


(b)  Type  of  Bituminous  Binder  for  Various  Patches.  The  type  of 
binder  is  governed  by  the  type  contained  in  its  surface  being  patched. 
We  generally  use  SC-3  on  patches  for  road  mix  jobs  and  MC-4  for  plant ; 
mix  and  pavement,  thus  adhering  to  a practice  of  patching  in  kind. 


A distinction,  however,  is  recommended  in  regard  to  material  that : 
is  stockpiled  and  which  may  be  left  in  stock  for  some  time.  In  that  case,  - 
slow  curing  bituminous  binder  has  specific  advantages.  There  is  less 
evaporation  of  volatiles,  which  the  sealing  of  stock  piles  is  an  attempt  ! 
to  retard.  A further  distinction  in  the  effectiveness  of  the  two  grades  of  ■ 
oil,  lies  in  their  rapidity  in  “setting,”  as  patches  carrying  fast,  heavy 
traffic  are  distorted  and  roll  if  too  slow  in  becoming  set. 


(c)  Methods  of  Mixing  Material.  In  the  mixing  of  material  for  pre- j 
mixed  patching,  the  material  is  distributed  in  windrows  on  a suitable 
piece  of  ground  or  on  an  abandoned  piece  of  roadway.  Oil  is  applied  j 
by  a distributor  and  then  mixed  by  motor  graders  the  same  as  when 
operating  on  the  highway  itself.  In  no  case,  however,  is  the  mixing  for 
patches  done  immediately  upon  the  the  traveled  way. 
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Mixing  is  occasionally  done  in  concrete  mixers.  This  is  a crude  and 
expensive  method  but  it  affords  a good  mix.  We  have  recommended  that 
a number  of  small  portable  mixing  plants,  of  say  100  tons  daily  capacity, 
equipped  with  dryers,  be  secured  and  assigned  one  to  each  engineering 
district.  Their  use  will  allow  an  earlier  start  of  spring  patching,  in  fact 
will  allow  it  to  begin  almost  as  soon  as  the  roadway  is  dried  off. 

During  the  next  year  this  method  may  be  put  into  effect.  This  equip- 
ment will  much  facilitate  the  drying  of  materials  and  also  allow  the 
use  of  the  heavier  oils  and  cutbacks. 


(d)  Time  Stockpiled.  It  is  not  recommended  that  mixed  material  be 
stockpiled  for  more  than  two  years.  We  are  making  a practice  of  stock- 
piling when  the  road  is  oiled,  thus  assuring  duplicate  material  for  patch- 
ing. The  mixed  material  is  preferably  placed  on  high  ground  on  the  high 
side  of  the  road,  peaked  in  form,  and  sealed  with  a road  oil  or  cutback 
to  keep  out  the  moisture.  Sealing  lengthens  the  life  of  the  material 
by  delaying  the  evaporation  of  the  cutback  stock.  When  rapid  curing 
oil  is  used  in  the  mix,  the  length  of  time  the  material  may  remain  in 
stock  safely  is  much  reduced. 

The  placing  of  a sandblanket  of  at  least  three  inches  over  the  area 
to  be  covered  by  the  stockpile  aids  in  protecting  it  from  loss  when  picked 
up  for  use  and  also  carries  off  moisture. 

(e^  Grading  and  Type  of  Aggregates.  Idaho  attempts  to  use  the  same 
aggregates  for  patching  as  are  used  in  the  surfacing  being  patched.  When 
any  change  is  introduced  it  is  toward  the  use  of  a slightly  leaner  mix. 
In  the  past  there  has  been  a tendency  to  over-oil  the  patch  because  of  the 
oil  used  for  sealing  both  the  base  and  the  finished  patch.  Oil  from  these 
two  points  added  to  that  of  the  standard  mixed  material  frequently 
results  in  an  excess  of  oil. 


For  the  sake  of  uniformity  in  patching  sections  that  have  been  covered 
with  a coat  of  rock  chips  and  sand,  it  is  desirable  to  apply  a similar 
covercoat  over  the  patched  area.  This  has  the  effect  of  curing  the 
optical  illusion  of  holes  in  the  road. 

The  grading  of  material  for  patches  is  the  same  as  that  for  regular 
oiling  material  for  bituminous  mat  which  is : 


Passing  a screen  having  square  openings  .. 
Passing  a screen  having  -%/ ' square  openings 

Passing  a No.  10  sieve  - 

Passing  a No.  200  sieve,  not  over  


100% 

45-65% 

25-45% 

12% 


(f)  Preparation  of  Break.  The  preparation  of  the  margin  and  area 
of  breaks  to  be  patched  is  as  important  as  the  material  applied  to  the 
fracture.  The  edges  of  the  fracture  should  be  cut  back  vertically  on 
straight  rectangular  or  octagonal  lines  into  the  live  material  about  as  a 
dentist  prepares  a cavity  for  filling.  Wet  or  damp  exposed  mater, al  in 
the  base  should  be  removed  even  if  it  becomes  necessary  to  remove  a 
portion  of  the  unoiled  base  and  replace  it  with  suitable  dry  base  material. 
At  least,  a condition  should  be  produced  that  will  permit  the  patching 
material  to  be  placed  on  a dry  base  for  compaction. 
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Bituminous  Surface  Maintenance 

By 

W.  J.  SLAVIN, 

County  Engineer 
Livingston  County 
Howell,  Michigan 

PROPER  DECISION  AS  TO  WHETHER  TO  PATCH,  SEAL,  RE-MIX, 
RETREAD  OR  REPLACE  BITUMINOUS  SURFACES. 

This  decision  must  of  course  be  made  ou  the  basis  of  known  facts 
pertaining  to  the  particular  section  of  road  under  consideration. 

Patching  within  reasonable  limits  of  expenditure  is  necessary  and 
economical,  but  if  the  cost  is  excessive,  it  may  be  that  the  mat  is  too 
thin  to  carry  the  load  in  which  case  adding  to  the  thickness  by  a surface 
treatment  or  a retread  might  be  best  if  the  base  is  adequate. 

If  the  surface  is  the  slow  curing  type  and  the  trouble  is  due  to  an 
improperly  designed  mix  or  faulty  materials,  re-mixing  and  adding  what- 
ever is  needed  will  serve  the  purpose.  If  the  base  is  weak,  it  is  seldom 
economical  to  re-mix  or  to  add  to  the  thickness  of  the  surfacing  without 
reinforcing  the  base.  In  the  light  of  recent  developments  in  bituminous 
base  stabilization,  it  might  be  better  in  the  case  of  a slow  curing  oil 
mat  to  scarify  and  windrow  the  old  bituminous  material  along  the  berms 
and  stabilize  the  base  before  re-laying  the  bituminous  mat.  In  some  in- 
stances it  might  be  better  to  scarify  the  old  bituminous  surface  and  mix 
it  into  the  base,  adding  enough  bitumen  to  make  a stabilized  base  for 
a new  bituminous  mat. 


SEALING 

Practically  all  of  our  bituminous  surfaced  roads  are  slow  curing  oil 
mats  and  we  prefer  a light  seal  consisting  of  about  % gallon  of  asphalt 
emulsion  or  cut-back  covered  with  15  to  18  pounds  of  tenth  to  quarter 
pebbles  or  chips.  This  is  an  inexpensive  seal  which  we  have  found  to 
be  satisfactory.  We  use  a quick  breaking  emulsion  of  high  viscosity  which 
does  not  flow  to  the  sides  of  the  road  before  the  cover  can  be  applied. 

Recently,  we  have  been  doing  some  light  sealing  with  about  one 
tenth  gallon  of  MC-2  with  a sand  cover.  The  MC  material  penetrates  and 
bonds  itself  to  the  oil  mat  and  forms  a tough  surface  which  is  not  easily 
damaged  by  sharp  shod  horses  or  ordinary  tractor  lugs.  The  cover  material 
is  applied  with  a revolving  disc  spreader  built  in  our  own  shop. 

SHOULDER  MAINTENANCE  — LOW  COST  TYPE 

The  need  for  shoulder  maintenance  on  a low  cost  type  of  road  is 
usually  influenced  to  some  extent  by  raveling  or  breaking  down  of  the 
edges  of  the  bituminous  surface.  Adequate  width  of  surfacing  and  a 
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thickened  edge  provided  during  construction  by  cutting  a V shaped  channel 
before  spreading  the  bituminous  mix  will  minimize  edge  failures.  Keeping 
the  berms  trimmed  down  to  permit  surface  water  to  flow  rapidly  to  the 
gutters  will  eliminate  a great  deal  of  rutting  and  some  surface  failures. 
This  is  a maintenance  item  which  is  often  neglected. 

RECONSTRUCTION  OF  FAILED  SURFACES 

We  are  reconstructing  a section  of  road  built  in  1933  with  MC-2  cut- 
back asphalt  and  graded  gravel  aggregate.  The  thickness  of  the  mat 
was  two  inches  compacted.  The  subgrade  is  a silty  soil  which  is  difficult 
to  drain  and  which  heaves  quite  badly  in  the  winter.  The  gravel  base 
was  also  inadequate  and  consequently  the  surface  broke  up  quite  badly. 

We  excavated  the  worst  frost  heave  areas  and  back  filled  with 
gravel.  We  then  scarified  the  old  surface  and  the  base  to  a total  depth 
of  six  inches  and  applied  one  and  one  half  gallons  of  bituminous  ma- 
terial per  square  yard  adding  water  to  facilitate  the  mixing.  On  one 
half  the  width  of  the  road  an  SC-3  oil  was  used  and  on  the  other  half 
we  used  an  MC-2,  the  purpose  being  to  make  a comparison  of  the  rela- 
tive merits  of  the  two  materials  for  this  type  of  base  stabilization.  In 
order  to  mix  this  small  quantity  of  bitumen  with  the  relatively  large 
amount  of  aggregate,  it  was  necessary  to  use  about  three  gallons  of 
water  per  square  yard  in  the  mix. 

Power  graders  were  used  for  mixing,  each  half  of  the  road  width 
being  mixed  separately.  After  the  materials  were  thoroughly  mixed  and 
had  what  seemed  to  be  about  the  correct  moisture  content  for  compac- 
tion, the  mixture  was  windrowed  on  each  side  of  the  road  and  half  of 
the  material  from  each  windrow  bladed  toward  the  center  and  leveled 
off.  The  spread  material  was  then  rolled  with  heavy  trucks,  after  which 
the  balance  of  the  material  was  spread  and  thoroughly  rolled  with  the 
trucks.  The  final  rolling  was  done  with  a seven  ton  Tandem  Roller. 

After  the  job  was  finished,  it  was  noticed  that  certain  areas  remained 
unstable  and  cracked  at  the  surface  due  to  excess  moisture  in  the  lower 
part  of  the  base,  particularly  in  the  center  of  the  road.  This  condition 
is  gradually  correcting  itself  as  the  moisture  escapes  and  it  could  have 
been  avoided  by  permitting  the  lower  half  of  the  base  to  become  dryer 
before  spreading  the  top  half  or  by  spreading  in  thinner  layers.  It  is 
the  intention  to  apply  a light  seal  in  the  near  future  and  let  it  go  through 
che  winter  before  putting  on  any  additional  surfacing.  It  is  not  advisable 
to  apply  a seal  coat  on  stabilization  of  this  type  until  the  mixture  is 
well  dried  and  has  built  up  a resistance  to  moisture. 
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Maintenance  of  Bituminous  Surfaces 
In  New  Mexico 
By 

B.  G.  DWYRE, 

Assistant  State  Highway  Engineer 
New  Mexico  State  Highway  Department 
Santa  Fe,  New  Mexico 

The  type  of  bituminous  surface  referred  to  in  discussing  the  following 
subjects  is  an  oil  treated  gravel  or  crushed  rock,  prepared  by  mechanically  j 
mixing  and  spreading  the  oil  and  aggregate,  either  with  blades  or  road  ; 
machine,  the  grading  of  the  mineral  aggregate  conforming  to  the  follow- 


ing specifications : 

Material  passing  through  sieve  with  1"  square  opening  ....  100% 

Material  passing  through  10  mesh  sieve  40-60% 

Material  passing  through  200  mesh  sieve  5-8% 

Grading  to  be  uniform  from  0 to  10  mesh 


The  bituminous  binder  conforms  to  the  Asphalt  Institute  specifica- 

tions for  type  MC-3  and  SC-4. 

METHODS  OF  PATCHING 

(a)  Pre-mixed  Patching  Material  vs.  Mixed  in  Place.  Patching  of 

bituminous  surfaces  in  New  Mexico  is  accomplished  for  the  most  part 

with  the  use  of  pre-mixed  material,  provision  for  which  is  usually  made 
at  the  time  of  construction  by  providing  stock  piles  of  sufficient  quantity 
to  take  care  of  the  maintenance  needs  for  several  years. 

Mixed  in  place  patching  has  been  done  on  some  sections  of  road, 

but  the  results  as  a whole  have  not  been  as  satisfactory  as  those  obtained 
with  pre-mixed  material.  A study  of  the  two  methods  reveals  that  the 
principal  reason  for  the  difference  in  results  is  the  greater  degree  of 
skill  required  in  making  mixed  in  place  patches.  A further  study  of  the  ■ 
results  accomplished  when  both  types  of  patches  have  been  properly  made  I 
does  not  show  any  particular  difference  in  quality  or  coat.  Based  on  these  ] 
findings,  it  is  believed  that  for  average  maintenance  conditions,  the 
pre-mixed  material  will  give  better  results  than  the  mixed  in  place  for 
surfaces  built  in  accordance  with  the  specification  above  quoted. 

(b)  Type  of  Bituminous  Binder  for  Pre-mix  Patches.  The  type  of 
bituminous  binder  used  in  New  Mexico  varies  with  the  geographical  loca- 
tion and  che  length  of  time  which  the  material  will  probably  be  stored.  { 
For  material  which  is  to  be  used  in  the  northern  or  colder  sections  of  j 
the  state,  and  which  will  be  stored  for  some  considerable  length  of  time,  j 
it  has  been  found  that  the  type  SC-3  oil  produces  the  best  results.  The  j 
asphalt  in  this  oil,  having  a penetration  of  300+,  does  not  become  brittle  j 
in  cold  weather,  and  requires  only  a minimum  amount  of  handling  to  j 
produce  a workable  mix.  Material  using  this  type  of  oil,  which  has  been  [ 
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[Stored,  does  not  cake  excessively,  and  for  the  most  part,  with  the  ex- 
ception of  a crust  of  half  inch  or  so  in  thickness  forming  on  the  outside, 
(remains  substantially  the  same  for  periods  as  long  as  eighteen  months. 

In  the  southern  or  warmer  sections  of  the  state,  where  it  is  desirable 
to  obtain  a harder  and  more  firm  patching  material,  type  MC-3  has  been 
used  very  successfully.  About  the  only  objection  that  may  be  advanced 
against  the  use  of  this  type  of  bituminous  binder  for  patching  material, 
is  the  fact  that  it  sets  up  quite  hard  within  a comparatively  short  time, 
which  limits  its  use  for  stock  piled  material.  For  material  which  will  not 
be  stored  longer  than  three  to  six  months,  it  is  satisfactory.  For  periods 
longer  than  this,  to  avoid  excessive  waste  from  caking,  oil  with  a softer 
asphalt  is  used. 

(o)  Methods  of  Mixing  Patching  Material.  The  common  method  of 
mixing  pre-mix  patch  material  in  New  Mexico  is  substantially  the  same 
process  as  that  for  preparing  a bituminous  surface  during  construction. 
The  material  is  windrowed  along  the  side  of  the  road,  or  nearby,  (a 
section  of  an  abandoned  road  being  used  where  available),  in  a quantity 
which  may  be  easily  handled  with  a motor  grader.  The  material  is  spread 
to  a width  of  approximately  ten  feet  the  extent  of  its  length,  and  the 
proper  amount  of  bituminous  binder  applied  to  produce  a mixture  which 
will  correspond  to  that  contained  in  the  surface,  which  is  to  be  patched. 
After  the  material  has  been  thoroughly  mixed,  if  it  is  to  be  stored  for 
any  length  of  time,  it  is  usually  placed  in  piles  of,  say,  100  to  200  tons, 
this  method  of  storage  permitting  only  a minimum  amount  of  deteriora- 
tion from  the  elements. 

For  small  patches  which  must  be  placed  during  cold  weather,  small 
mixing  machines  of  10  or  12  cubic  foot  capacity,  equipped  with  heaters, 
are  used. 

(d)  Length  of  Time  Material  May  be  Stock  Piled.  For  average  cli- 
matic conditions  in  New’  Mexico,  pre-mixed  material  may  be  stock  piled 
for  periods  up  to  18  months  without  excessive  loss  of  bitumen  content, 
provided  the  bituminous  binder  used  is  properly  selected,  the  New  Mexico 
experience  being  that  SC  type  oils  meet  the  rquirements  better  than  any 
other  obtainable  for  materials  which  are  to  be  stock  piled  for  periods 
of  one  year  or  longer.  For  materials  wdiich  are  to  be  stock  piled  for 
shorter  length  of  time,  type  MC  oils  have  been  used  successfully. 

(e)  Grading  and  Type  of  Aggregates  for  Patch  Material.  The  grading 
and  type  of  aggregates  for  patch  material,  for  the  most  part,  conform 
exactly  to  that  used  in  the  construction  of  the  original  surface.  There  are 
special  cases,  however,  where  it  is  desirable  to  reduce  the  maximum  size 
from  one  inch  to  three-quarters  of  an  inch,  where  the  patch  to  be  applied 
does  not  extend  the  full  depth  of  the  thickness  of  the  bituminous  sur- 
face. There  are  some  instances,  where  the  patching  amounts  to  little 
more  than  a seal  coat,  where  a finer  grade  than  the  above  is  required. 
In  some  instances  the  size  of  the  material  is  reduced  to  give  the  general 
appearance  of  ordinary  sand. 
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SEALING 


(a)  Type  of  Grade  of  Bituminous  Materials  Used.  The  type  of  bitumi- 
nous material  used  for  sealing  in  New  Mexico  varies  widely,  ranging  from 
SC,  MC  and  RC  oils  to  250  penetration  asphalt.  On  the  older  surfaces 
which  have  dried  out,  but  where  excessive  cracking  has  not  occurred, 
excellent  results  have  been  obtained  by  using  type  SC-5  or  type  SC-6  oil,  with 
a stone  chip  covering,  ranging  between  15  and  18  pounds  per  square 
yard,  the  grading  of  the  cover  material  being  100%  through  a %-inch 
square  opening,  and  100%  retained  on  10  mesh  sieve.  This  same  grading 
for  cover  material,  and  in  the  same  amounts  per  square  yard,  has  been 
used  successfully  with  250  penetration  asphalt,  and  with  some  degree 
of  success  with  RC-3  cutback.  The  objection  to  the  use  of  RC-3  cutback 
for  bituminous  binder  for  sealing  is  that  the  asphalt  is  too  hard  and 
becomes  brittle  'during  cold  weather,  permitting  the  larger  particles  of 
stone  to  become  dislodged  by  traffic  wear.  Cover  material  of  the  above 
grading  and  quantity  require  a minimum  of  3/10  gallon  per  square  yard 
of  bituminous  material.  For  new  surfaces,  and  surfaces  which  are  becom- 
ing porous  to  the  extent  that  water  will  be  admitted  to  the  subgrade, 
type  MC-3  oils  have  been  used  with  a sand  covering,  sufficient  to  blot 
out  the  excess  oil,  and  have  produced  results  entirely  satisfactory. 

(b)  Methods  of  Applying  Cover  Material.  The  most  successful  method 
of  applying  cover  material,  and  the  one  which  has  been  adopted  for 
general  use  in  New  Mexico,  is  the  use  of  a sand  or  chip  spreader  which 
may  be  either  suspended  from  the  back  of  a truck  or  attached  to  the 
truck  in  such  a way  that  the  truck  may  be  operated  in  reverse  motion  so 
that  the  cover  material  is  applied  to  the  fresh  surface  ahead  of  any  wheels 
contacting  such  surface.  This  arrangement  eliminates  tracking  or  marking 
the  freshly  applied  asphalt,  and  also  affords  greater  convenience  and 
safety  in  the  operation. 

(c)  Methods  and  Types  of  Plant  Mix  Seal  Mixture.  The  only  type 
of  plant  mix  seal  mixture  which  has  been  used  in  New  Mexico  is  natural 
rock  asphalt.  This  material  has  been  obtained  from  a deposit  located  in 
the  state,  and  has  been  used  upon  approximately  300  miles  of  road.  The 
material  in  its  natural  state  is  sand  stone  containing  about  3%  asphalt. 
Before  it  can  be  used  for  seal  coating  it  is  necessary  to  add  approximately 
2%  asphalt.  The  grading  of  the  material  is  very  fine  and  it  produces  a 
smooth,  rubbery  surface  which  is  water  proof  and  which,  under  favorable 
conditions,  produces  a seal  coat  which  will  last  for  several  years.  This 
material  is  usually  put  down  at  the  rate  of  300  to  450  tons  per  mile 
for  a road  surface  20  feet  in  width,  which  gives  an  average  thickness 
of  from  % to  % inches.  Where  natural  rock  asphalt  has  been  used  for 
sealing  material,  it  has  been  found  necessary  to  apply  a tack  coat  of  RC-1  oil 
in  the  amount  of  1/10  gallon  per  square  yard. 
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Maintenance  of  Bituminous  Surfaces 

By 

F.  H.  KLIETSOH, 

Maintenance  Engineer 

Nebraska  Department  of  Roads  and  Irrigation 
Lincoln,  Nebraska 

FACTORS  AFFECTING  DECISION  AS  TO  REPAIR  PROCEDURE 

There  are  a number  of  factors  which 
affect  the  decision  as  to  the  time  and  par- 
ticular method  or  procedure  to  be  fol- 
lowed in  performing  repairs  to  failed  sec- 
tions of  bituminous  surfacing.  These  fac- 
tors may  be  divided  into  two  classes : direct, 
or  those  based  on  an  analysis  of  actual 
conditions  f and  indirect,  or  those  based 
upon  the  finances  and  facilities  avail- 
able for  making  the  repair. 

Direct  factors  include  engineering  in- 
vestigation of  the  cause  of  the  failure, 
past  performance  record,  and  maintenance 
costs  of  the  failed  section.  Indirect  fac- 
tors would  include  the  relative  costs  and 
extent  of  work  involved,  organization  and 
equipment  available,  detours  and  traffic 
conveniences,  and  the  general  policy  of 
the  administrative  department. 

It  is,  of  course,  assumed  that  most  of  the  states  have  such  a demand 
for  additional  surfaced  mileage  that  their  decisions  as  to  repair  pro- 
cedure would  of  necessity  be  affected  by  the  indirect  factors.  In  any 
event  were  conditions  ideal  as  to  finances,  equipment  and  organization, 
major  repairs  or  reconstruction  should  follow  immediately  after  it  became 
apparent  that  continuous  patching  or  minor  repairing  resulted  in  exces- 
sive maintenance  cost  and  such  operations  were  causing  noticeable  in- 
convenience to  traffic. 

The  Engineer  in  charge  of  maintenance  should  have  an  investigation 
made  of  the  cause  of  failure  before  any  repairing  is  made.  This  investiga- 
tion should  disclose  whether  or  not  the  failure  originated  in  the  sub- 
grade, base  or  surfacing  and  also  the  nature  and  amount  of  work  in- 
volved in  placing  the  surfacing  in  a satisfactory  condition.  Practically 
all  failures  which  occur  repeatedly  on  the  same  section,  sometimes  almost 
immediately  after  a repair  has  been  made,  may  be  attributed  to  lack 
of  investigation  of  the  failure  or  to  not  making  repairs  indicated  by  an 
investigation.  A complete  recorded  performance  history  and  maintenance 
cost  record  of  the  section  involved,  together  with  the  information  obtained 
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from  the  engineering  investigation  should  provide  the  necessary  informa- 
tion concerning  the  method  and  procedure  for  repair. 

When  the  surfacing  can  he  repaired  by  one  of  several  different  methods 
the  relative  costs  of  the  different  methods  should  be  computed  and  com- 
pared for  each  section  which  requires  repair.  It  is  often  more  economical  to 
reprocess  a section  than  it  is  to  place  a considerable  number  of  patches 
if  suitable  equipment  is  available.  Quite  often  extensive  repairs  are  post- 
poned due  to  shortage  of  funds  or  because  of  the  large  amount  of  work 

to  be  done. 

The  amount  and  kind  of  equipment  which  can  be  economically  con- 
centrated on  one  job  for  a considerable  period  of  time  is  often  a vital 

factor  in  deciding,  when  certain  types  of  repairs  can  be  made.  If  it 

is  impossible  or  impractical  to  move  equipment  away  from  other  maintenance 
operations  the  major  repairs  on  a bituminous  surface  may  be  postponed 
until  the  following  year  and  temporary  repairs  made  to  maintain  a usable 
surface.  If  sufficient  equipment  were  available  to  perform  all  major  re- 
pairs when  the  occasion  demanded,  a large  part  of  this  equipment  might 
be  idle  from  fall  to  spring. 

Certain  types  of  major  repairs  of  bituminous  surfaces  cannot  be 
performed  economically  or  safely  when  it  is  necessary  for  traffic  to  use 
the  road  during  the  repair  period.  This  often  makes  it  necessary  to  use 
a different  method  than  the  method  indicated  from  the  analysis  of  the 
failure  or  the  costs  involved.  Tearing  up  and  relaying  of  surfacing,  recon- 
struction of  the  surfacing,  sealing  or  armor  coating  and  most  patching 
can  be  accomplished  with  traffic  on  the  road.  Base  course  construction, 
subgrade  shoulder  compaction,  drainage  installations  and  bituminous  sub- 
grade construction  cannot  be  accomplished  without  considerable  added  cost 
for  suitable  detour  or  lost  motion  due  to  traffic  interference,  in  which  case 
a hazardous  condition  is  created  for  both  traffic  and  reconstruction  crew. 

The  maintenance  policy  followed  on  roads  in  different  sections  may 
vary  considerably  due  to  the  difference  in  existing  conditions.  Some  sur- 
faces may  provide  suitable  service  by  performing  only  the  minimum  amount 
of  routine  repair  and  allowing  the  surface  to  gradually  deteriorate  to  a 
condition  which  requires  extensive  major  repairs  or  replacements.  Surfaces 
in  other  sections  may  be  maintained  to  a high  standard  by  performing 
major  repairs  or  making  replacements  at  the  time  the  conditions  demand. 
Either  policy  may  be  justified  by  local  conditions  and  finances.  This  dif- 
ference in  policy  makes  it  difficult  to  obtain  true  comparisons  of  main- 
tenance costs  and  the  proper  time  for  performing  certain  types  of  repairs 
or  making  improvements. 

It  is  hardly  possible  to  set  up  formulas  or  general  policies  providing 
a uniform  system  of  repair  procedures  which  would  generally  be  applicable 
due  to  the  large  number  of  factors  involved  in  the  decision.  After  a 
thorough  study  has  been  made  of  all  the  factors  referred  to  in  the  pre- 
ceding paragraphs  the  decision  finally  made  must  be  based  on  the  expediency 
and  economy  and  not  upon  a definite  prearranged  procedure. 

METHODS  OF  PATCHING 
Influence  of  Conditions 

The  proper  procedure  to  be  followed  in  placing  patches  on  bitumi- 
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nous  surfaces  depends  upon  several  factors  among  which  are  the  type 
of  surface,  kind  of  base,  nature  of  available  patch  material,  weather  con- 
ditions and  most  important  the  cause  of  the  failure  of  the  surfacing. 

Preparation  of  Patch  Location 

Regardless  of  the  cause  of  the  failure  it  is  necessary  to  remove  the 
old  surfacing  material  somewhat  beyond  the  apparent  extremities  of 
the  failure.  A neat  outline  of  the  patch  should  be  established.  When  the 
surface  failure  is  a failure  of  the  surfacing  material  itself,  it  is  only  neces- 
sary to  remove  and  replace  with  suitable  material.  When  the  surface 
failure  has  been  caused  by  soft  base  or  subgrade,  it  is  necessary  to  ex- 
cavate the  wet  material  and  dry  it  or  replace  it  with  suitable  material. 
Mechanical  tamping  of  both  surface  and  subgrade  replacement  material 
is  very  effective. 

A surface  failure  caused  by  loose  material  under  the  surfacing,  loosely 
cemented  base  or  subgrade  material  or  lack  of  bond  between  base  and 
surface  should  be  remedied  by  excavating  several  inches  deeper  than  the 
depth  of  the  original  surfacing  and  making  a thicker  surfacing  in  the 
failed  section. 


Drainage  Provision  in  Clay  Subgrades 

An  investigation  of  the  cause  of  the  failure  must  be  made  before 
any  permanent  patch  or  other  repairs  can  be  made  to  a bituminous  sur- 
face. If  the  investigation  discloses  that  the  base  or  subgrade  or  both  are 
unstable  when  wet  it  is  necessary  to  provide  suitable  drainage  either 

of  the  surface  type  or  blind  drains  depending  upon  the  type  and  state 

of  the  subgrade  soil. 

Replacement  of  Surfacing  Material 

Before  new  surfacing  material  is  placed  in  the  patch  a good  bond 
should  be  provided  for  between  the  base  and  the  surfacing.  Where  the 
base  course  consists  of  a stable  well  bonded  material  and  the  surfacing 
material  has  the  optimum  bitumen  content  a prime  or  tack  coat  is  not 
always  necessary,  but  is  desirable.  A prime  or  tack  coat  should  always 
be  applied  to  the  base  where  the  surfacing  is  less  than  3 inches  in  thick- 
ness. 

The  patch  should  be  started  by  filling  in  the  lowest  part  first  and 

tamping  it  so  that  the  patch  can  then  be  built  up  in  a uniform  layer 

or  layers.  In  order  to  obtain  a smooth  patch  it  is  necessary  to  thoroughly 
compact  the  patch  material  so  that  it  will  form  an  even  surface  with 
the  original  surfacing  material.  Additional  compaction  should  be  given  to 
the  edge  of  the  patch  to  avoid  a possible  shifting  of  the  patch  material 
away  from  the  edges  of  the  original  surface.  Final  rolling  of  the  compacted 
patch  is  necessary. 

When  the  patch  material  is  apparently  quite  lean  or  tends  to  ravel 
a seal  coat  should  be  placed  over  the  patch  and  a foot  or  so  beyond 
the  patch  soon  after  completing  the  patch.  The  sealing  of  the  portion 
of  surfacing  around  the  patch  tends  to  soften  the  original  surfacing  so 
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that  it  will  smooth  out  with  the  patch  under  traffic  and  also  prevent  the 
possible  entrance  of  moisture  to  the  repaired  section.  Care  should  be  exercised 
that  excess  oil  is  not  used  in  sealing*  the  patch. 

Types  of  Patch  Material 

All  patch  material  used  on  maintenance  operations  is  mixed  with 
blades  or  traveling  mixing  plants.  Approximately  thirty  cubic  yards  of 
maintenance  patch  material  is  taken  from  the  bituminous  aggregate  wind- 
row and  stock  piled  before  the  surfacing  is  laid  during  construction.  This 
stock  piled  material  is  difficult  to  handle  after  aging  when  RC  or  MC  as- 
phaltic oils  are  used  if  the  bituminous  aggregate  has  been  aerated  to 
remove  the  volatile  material.  Bituminous  aggregate  stock  piles  containing 
the  proper  percentage  of  MC  asphaltic  oil  have  been  in  good  condition 
after  4 years  although  it  is  necessary  to  break  up  the  crust  on  the  out- 
side of  the  piles.  Freshly  mixed  patch  material  is  easier  to  use,  but  is 
more  apt  to  shove  or  rut. 

Practically  no  difference  has  been  noticed  in  the  final  results  obtained 
where  different  types  of  MC  asphaltic  oils  are  used  in  patch  material. 
Stock  pile  material  containing  the  proper  percentage  of  SC  asphaltic  oil 
can  be  used  after  seven  years  if  the  aggregate  is  not  absorptive.  The  out- 
side of  these  piles  will  show  considerable  weathering  after  this  time, 
but  the  material  which  is  not  exposed  is  still  in  good  condition.  Stock  pile 
materials  containing  absorptive  aggregates  soon  become  dry  and  not  work- 
able where  SC  asphaltic  oils  were  used. 

It  has  been  found  most  economical  and  satisfactory  to  patch  bituminous 
surfaces  and  stabilized  base  courses  with  the  same  type  of  materials  which 
\vere  used  in  the  original  construction.  Therefore  stock  piling  of  material 
taken  from  the  road  during  original  construction  is  very  desirable. 

General  Procedure 

Prior  to  placing  the  seal  coat  the  surface  is  thoroughly  cleaned  by 
sweeping  with  a rotary  broom.  A rotary  broom,  about  8 feet  long,  having 
a reversible  sweep  mounted  on  the  front  end  of  a wheel  type  tractor  has 
proven  most  satisfactory  for  sweeping  the  surface.  This  type  permits  the 
use  of  tractor  for  other  work,  such  as  pulling  a roller,  disc,  drag  broom, 
etc.,  when  not  used  for  sweeping  the  surface.  Being  reversible  it  permits 
sweeping  in  either  direction  and  with  the  wind  avoids  dust  clouds  over 
the  surface  which  creates  a traffic  hazard,  prevents  dust  from  blowing 
onto  the  tractor  engine  and  provides  better  visibility  for  the  operator. 
The  surface  application  of  asphaltic  oil  is  covered  with  aggregate  as 
soon  as  possible  making  the  road  immediately  available  for  traffic  which 
is  carried  on  one  half  of  the  road  during  the  sealing  operations. 

After  the  aggregate  is  placed  it  is  rolled  with  a smooth  steel  roller 
or  multiple  wheel  roller  having  pneumatic  tires.  The  final  operation  of 
dragging  with  a light  broom  drag  then  follows  the  rolling.  Brooming  is 
carried  on  for  several  days  or  as  often  and  long  as  necessary  to  keep 
the  surface  fairly  well  covered  or  until  all  signs  of  bleeding  have  disap- 
peared and  the  seal  has  absorbed  all  the  aggregate  possible.  The  amount 
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of  final  brooming  depends  for  the  most  part  on  the  amount  of  traffic 
which  whips  the  aggregate  to  the  edges. 

Cover  Material 

Formerly  all  cover  material  was  stockpiled  in  small  piles  located 
at  short  intervals  along  both  shoulders.  After  the  application  of  oil 
this  was  hand  spread  over  the  surface,  however,  a uniform  coverage 
was  not  always  obtained  by  this  method.  Sand  spreaders  are  now  used 
which  are  pushed  over  the  freshly  oiled  surface  so  that  the  sand  is 
spread  ahead  of  any  equipment  passing  over  the  freshly  oiled  surface. 
The  aggregate  is  dumped  directly  into  the  spreaders  and  is  spread  evenly 
over  the  surface.  This  method  is  more  economical  and  produces  more 
satisfactory  results  than  the  hand  method.  The  use  of  cover  material 
provides  a lighter  colored  surface  which  is  a desirable  aid  to  traffic  for 
night  driving  and  also  provides  resistance  to  surface  skidding  of  traffic. 
The  aggregate  application  generally  increases  the  surfacing  thickness  from 
one-fourth  to  three-eighths  of  an  inch. 

Types  of  Bituminous  Material  Used 

A seal  coat  of  RC-2  or  EC-1  is  applied  at  the  rate  of  0.15  to  0.20  gallon 
per  square  yard  on  surfaces  having  a high  density  with  smooth  tight  sur- 
faces. This  is  covered  with  about  fifteen  pounds  per  square  yard  of 
medium  sand  gravel  or  armor  coat  aggregate.  An  EC-2  or  EC-3  armor 
coat  of  0.20  to  0.30  gallon  per  square  yard  is  applied  and  covered  with 
approximately  twenty-five  pounds  of  armor  coat  aggregate  per  square 
yard  on  mats  containing  coarse  material  or  having  a rough  surface. 

MC-2  asphaltic  oil  is  used  for  sealing  on  bituminous  sand  surfaces 
which  were  originally  constructed  with  SC-3  asphaltic  oil  and  which  have 
a satisfactory  stability.  Generally  0.20  gallon  per  square  yard  is  applied 
but  this  quantity  must  be  varied  with  the  season  of  the  year.  The  cover 
material  used  on  sealing  of  bituminous  sand  surfaces  is  blow  sand  which 
is  usually  obtained  from  the  roadside.  The  cover  material  is  not  applied 
until  after  the  penetration  of  the  asphaltic  oil  is  about  completed  and 
is  then  applied  in  excess  of  the  amount  required. 

On  bituminous  sand  surfaces  originally  constructed  with  cutback  as- 
phalts either  MC-2  or  EC-2  can  be  used  as  seal  material.  These  sur- 
faces are  usually  very  hard  on  the  surface  and  subject  to  considerable 
cracking  due  to  the  lower  three  inches  of  the  mat  remaining  soft.  The 
principal  reason  for  sealing  these  surfaces  is  to  prevent  the  entrance 
of  sand  into  the  cracks  which  forms  a layer  of  separation  between  the 
upper  % to  % inch  of  surface  and  remainder  of  the  mat.  Entrance  of 
surface  moisture  into  these  cracks  has  caused  no  apparent  damage  during 
a period  of  five  years. 

RECONSTRUCTION  OF  BITUMINOUS  SURFACES 

The  reworking  of  bituminous  mats  is  divided  into  two  groups:  those 
which  have  had  little  or  no  special  maintenance,  and  those  which  have 
had  considerable  special  maintenance  and  are  again  in  need  of  special 
treatment. 
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Bituminous  mats  which  have  had  little  or  no  special  maintenance 
and  which  have  developed  considerable  wrinkling  or  subgrade  displace- 
ment are  torn  up,  remixed,  the  base  allowed  to  dry,  and  then  relaid  if  the 
bituminous  aggregate  appears  to  contain  sufficient  asphaltic  binder  to 
allow  the  mat  to  compact.  If  the  mat  appears  deficient  in  bitumen,  samples 
are  taken  at  1,000  to  1,500  foot  intervals,  analyzed,  and  compared  to  the 
original  test  data  for  the  particular  section.  RC-2  asphaltic  oil  is  added 
to  the  material  found  deficient  in  binder  for  mats  originally  constructed 
with  SC  asphaltic  oil.  For  mats  where  MC  asphaltic  oil  was  originally  used, 
MC  oil  is  added  in  maintenance  operations.  If  the  mat  is  relaid  without 
the  addition  of  oil,  it  is  generally  sealed  immediately. 

Mats  which  have  had  considerable  special  maintenance  and  which  again 
need  special  maintenance  are  reconstructed  in  a different  manner  after  the 
decision  has  been  made  as  to  the  time  to  make  the  repair.  The  mat  is 
torn  up,  removed  from  the  surface  and  stockpiled  or  it  is  windrowed 
on  the  shoulders,  and  the  subgrade  stabilized.  This  stabilization  is  based  on 
the  subgrade  samples  taken  prior  to  the  original  construction  or  on 
samples  taken  after  tearing  up  the  mat.  Generally  a stabilized  gravel  mat 
is  constructed  using  new  materials.  In  most  cases  it  has  been  found  more 
economical  and  more  satisfactory  not  to  use  binder  or  other  material 
from  the  subgrade  in  the  construction  of  stabilized  gravel  bases  which 
are  to  be  constructed  on  expansive  types  of  subgrade  soil.  The  stabilized 
gravel  base  is  constructed  to  a thickness  of  three  to  five  inches  on 
types  A-6  or  A-7  soils  depending  on  the  height  of  the  fill  and  the  drain- 
age conditions.  The  depth  of  stabilization  is  based  on  engineering  judg- 
ment rather  than  on  any  engineering  formula.  Bituminous  stabilization 
is  resorted  to  on  sandy  and  silty  soils  which  are  economically  suited  for 
that  purpose.  The  depth  of  this  stabilization  depends  on  the  quantity  of 
the  material  in  the  subgrade  soil  that  passes  the  200-mesh  sieve.  A three- 
inch  depth  is  generally  sufficient  where  the  subgrade  soil  contains  from 
twenty  to  forty  per  cent  of  material  passing  the  200-mesh  sieve,  a four 
to  five-inch  depth  is  required  when  the  per  cent  of  material  passing 
the  200-mesh  sieve  is  between  ten  and  twenty  per  cent.  Stabilized  gravel 
bases  after  compaction  are  primed  with  MC-1  asphaltic  oil.  Bituminous 
stabilized  bases  are  not  primed.  The  gradation  of  the  bituminous  mat  is 
then  rectified  by  the  addition  of  the  proper  materials  and  the  asphaltic  oil 
content  is  corrected  by  the  addition  of  the  proper  asphaltic  oil. 

Some  of  the  early  mats  constructed  were  only  one  and  one-fourth  to 
one  and  une-half  inches  in  thickness  and  when  these  mats  are  torn  up 
approximately  one-fourth  inch  of  the  base  material  is  incorporated  with 
the  mat.  This  material,  together  with  about  one-fourth  inch  of  material 
added  by  seal  coating,  increases  the  thickness  of  the  reworked  mat  about 
one-half  inch.  After  a mat  has  been  torn  up  a second  time,  the  addition 
of  gravel  is  necessary  to  correct  the  gradation.  This  also  increases  the 
thickness  of  the  mat. 

The  strengths  of  reworked  mats  are  usually  much  higher  than  for 
mats  originally  constructed  with  SC  asphaltic  oil.  This  is  due  to  the  use 
of  RC  asphaltic  oil  in  the  reconstruction  which  fluxes  with  the  SC  asphaltic 
oil  and  produces  a heavier  residual  asphalt  in  the  mat. 
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It  has  been  found  necessary  on  several  bituminous  mats  to  seal 
surface  cracks  which  were  caused  by  shrinkage  of  the  subgrade.  This 
shrinkage  is  probably  due  to  an  unusually  severe  winter  or  a loss  of 
moisture  in  the  subgrade.  These  cracks  occur  chiefly  on  mats  where  the 
stability  of  the  bituminous  aggregate  was  very  high  and  the  bitumen 
content  low. 

The  reworking  of  bituminous  sand  surfaces  is  materially  different 
from  the  reworking  of  bituminous  mats  due  to  the  nature  of  the  sub- 
grade material  and  the  greater  thickness  of  the  combined  base  and 
surfacing. 

Bituminous  sand  surfaces  which  are  deficient  in  asphaltic  binder 
are  reworked  to  a depth  of  two  to  three  inches  and  after  adding  the 
proper  quantity  and  type  of  asphaltic  oil  are  remixed.  Reworking  to  a 
depth  of  less  than  two  inches  is  an  invitation  to  early  failure  due  to 

slippage  of  the  top  layer  on  the  construction  layer  below  caused  by  lack 

of  sufficient  depth  of  uniform  material  to  transmit  the  shearing  action 

of  the  loaded  area. 

Bituminous  sand  surfaces  which  are  low  in  stability  and  which  have 
been  built  on  a dry  sand  subgrade  and  contain  little  or  no  material  passing 
the  200-mesh  sieve  must  have  their  stability  increased  to  give  better 

load  distribution.  This  involves  complete  reconstruction  and  usually  the 
addition  of  filler  material. 

Bituminous  sand  surfaces  which  have  the  proper  asphalt  content, 
stability  and  density,  and  which  fail  due  to  displacement  of  the  subgrade 
may  be  reworked  to  restore  the  proper  cross  section  as  a temporary  main- 
tenance operation.  If  the  failure  was  caused  by  the  loss  of  moisture  in 
the  sand  subgrade  and  the  moisture  content  returns  to  normal  (between 
three  and  five  per  cent)  this  type  of  maintenance  is  effective. 
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TOTAL  MILEAGE  OF  BITUMINOUS  SURFACES  AND  THE  APPOXIMATE  MILEAGE  GIVEN  SPECIAL  MAINTENANCE  TO 

JANUARY  1,  1938 


CO  to  <M  I 20 


.s  g 
d 33 

aanix-B^  § ft 
Suio-Bjang  o;  . M 
ana  paionusuooaH  mr2 

§1 

UR 

+j  to 
Gd 

"3  ^ 

aaniina  §£ 
apnjSqng  o;  ana  .M 
ptnian  =s>  <In  ujoj,  ted 
g s 
o d 

Oa 

m 


V ffi 
H ^ 

9 h 

<3 

a 

a 


-£d 
.£  S 

p_j  c3  ^ 

« ■g’g 
M G g 


pa}onJ}suc>3 
asjnoo  asng 
paziixq-B^g  M.aM 


d 

i Qt3  ® 

C3  oS  s* 
odd  3 
O 

fl)  4-> 

/V  ° Or 

w d£a 


o a>  <£> 

$ dd 

aflj;£ 

3«“5 
d r«-H 

O <D 


u 
u o 

°H^ 

d«i£ 

3*8 

85° 


+j  ra 
S3d 

■Sg 

£a 

■M  ® 
Old 
S3  G 
O 3 

oa 


+j  m 

II 

^a 


-M  W 

02  d 
S3  g 

°3 

oa 


S3  'S 
•5  S3 
cd  3 

^a 


02  ^ 
g S3 
° 3 

°a 


asng  pazittq 

--B}g  uo  paionj^s 
-uoo  s^i  ’na 


S§ 

*3  cd 
S3  <u 
02  Sh 

Eh 


p-BOH 
Supsixa  UQ 


as-Bg 

pazinq'Bis  uo 


saonjang  rej\[  ^ ■£ 
pung  snouiuin^ta  m o 
Q 


t-  a>  tjh  uo 


C-  rH  <m  t-<o  I CO 


! UO  00  tH  c-  10 


uooo  oo  oo 

iHCO^  'C 
i-H  <M  <M 


sss  sss 

oot-oo  t-oot- 
cooco  o coo 
t-cot-  cot- co 


d cd  cd  c3  c3  c3 

o o o o o o 
cd  cd  cd  cd  cd  cd 


| gasses 


d d 

'3  3 
'3  02 

d 

-d'O'd® 
S3  C5*t) 
O S3 
S3  H 


3 «» 


^dP^  « s 

« ® c S3  § B 
cC  p Sh  o <1) 

J,SSr®  _«>« 


u,  o: 

dqP 


<cq  d d 

■ ss 


t-c- 
t—  t- 

<Cd  <M 


«H«H 

d o o 
<o 

odd 
2 o o 

“ d d 


*66 

'U 

’3 

r-i  ^ ^ 

0)  LO 


'd 

•M  ^ +->  r-i  4-J  C 

d g d 5 d Cj 

Smgmg® 

02  W 02  02  02  S 
S3  S3  S3  S3  S3  g 
O O O O O S3 

S3  S3  S3  S3  S3  .5 

sssssS 

d S3  d d 

mmmwwm 

g3  cj 

O O Q O O O 

H Eh  Eh  E-1  a H 


a; 

02 

d 

O <13  12 

COO 

•3  S3  S3 
>-  d d 
5 S3  S3 

5 <12  02 

ZZ  4->  +-> 

32S  G 

luSd 

<12  _ 
be  d d 
^00 

% O 02 
•S3  ft  a 

Smm 


3 d d 
+->-!->+-> 
OOO 

EhHEh 

G S3  G 
d d cd 

So  Sh  So 
000 


PU'Bg 


6 & 

saonjang  co-g 
snouiuin^ia  ^ <12 


sao'Bj.mg  I'bm  • g, 

•lia  sSnanM  i^iox 

1-1  H 


SOCC|C<IOC-t-OOcDSO 
(MOOlOlOWCOOH 

HHrHH(M(M  I <M 


10  10  200<OHNC5  00  00  OO 
tH  r-i  1C  CD  05  CO  CO 
r- 1 rH  CO  Tf  IO  t-  I t— 


00  02  O H <M  CO  H1  IO  <D  t>  I d 
cqicqcocoeocococococo  d 

hhhhhhhhhh  H 


554- 


Some  Phases  of  Maintenance  of  Bituminous  Surfaces  in 
the  Province  of  Alberta,  Canada 

By 


A.  L.  TREGILLUS,  Bituminous  Engineer 
Alberta  Department  of  Public  Works 
Calgary,  Alberta 


Before  discussing  the  subject  proper, 
it  should  be  stated  that  the  Province  of 
Alberta  is  more  or  less  in  the  initial  stage 
of  Bituminous  Surfacing,  so  that  it’s  Main- 
tenance organization  for  Bituminous  Sur- 
faces is  in  the  development  stage.  Neces- 
sary changes  are  being  made  from  time 
to  time  to  keep  pace  with  each  successive 
year’s  construction. 

The  District  Engineer  has  charge  of 
Maintenance  in  his  District,  and  supervises 
and  controls  the  work  of  small  section 
crews,  who  take  care  of  minor  repairs,  such 
as  patching,  and  all  hand  work.  For  more 
extensive  repairs  and  maintenance,  such 
as  sealing,  retread,  or  replacement  of  sur- 
faces, special  crews  are  organized,  and 
work  under  the  supervision  of  a junior  or 
Resident  Engineer  who  has  had  some  ex- 
perience in  Bituminous  work. 


The  Province  of  Alberta  has  only  two  types  of  Bituminous  Surfaces 
to  maintain,  Plant  Mix,  consisting  of  a mat  of  2 to  2%  inches  in  thick- 
ness, of  densely  graded  aggregate,  mixed  with  a slow  curing  liquid  as- 
phalt, which  in  this  country  goes  under  the  designation  of  P.M.H.,  a 
liquid  asphalt  very  similar  to  the  SC-5  material.  There  is  only  some  78 
miles  of  this  type  of  Bituminous  Surface  in  Alberta. 

The  other  type  of  surface,  of  which  there  is  now  a little  over  270 
miles  in  existance,  consists  of  light  penetration  treatments  composed  of 
mats  varying  in  thickness  from  % to  1 inch.  The  aggregate  in  these  thin 
mats  run  from  densely  graded  to  medium  coarse  materials.  The  binder  used 
in  these  mats  is  composed  chiefly  of  medium  curing  liquid  asphalts  of 
the  MC3  and  4 type,  though  some  slow  curing  materials  have  been  used. 


In  order  to  maintain  these  surfaces  and  arrive  at  a proper  decision 
as  to  whether  to  patch,  seal,  remix,  etc.,  we  have  no  organization  as 
you  have  in  some  of  the  states,  such  as  a division  of  tests,  an  organiza- 
tion which  by  a proper  analysis  and  study  of  the  cases  can  help  you  to 
arrive  at  the  true  causes  of  the  failure.  However,  it  is  absolutely  es- 
sential that  a thorough  study  of  the  situation  be  made. 
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In  this  Province  the  District  Engineer  reports  on  the  failures  to  the 
Highway  Commissioner,  a study  is  made  of  the  road  by  the  Highway 
Commissioner,  the  District  Engineer,  and  possibly  a Resident  Engineer 
who  has  had  experience  in  Bituminous  work.  A program  of  work  is 
then  agreed  upon  and  submitted  to  the  Minister  and  Deputy  Minister 
for  approval. 

We  know  of  no  rule  of  thumb  to  guide  us  in  arriving  at  a proper 
decision  as  to  what  should  be  done.  However  each  case  is  analysed  and 
viewed  in  the  light  of  proper  engineering  practice  and  experience.  Each 
group  of  failures  is  studied  separately  in  an  endeavor  to  arrive  at  the 
correct  cause  of  failure,  for  if  this  can  be  done,  we  can  arrive  with  some 
degree  of  certainty  at  the  proper  remedy,  and  thus  decide  whether  to 
patch,  seal,  remix,  or  replace  the  surface.  This  decision  may  have  to  be 
modified,  due  to  lack  of  maintenance  funds,  lack  of  sufficient  and  proper 
equipment,  or  to  the  fact  that  the  volume  of  work  required  to  be  done 
in  a short  season  is  too  great  to  allow  for  sufficient  time  to  be  spent 
on  the  particular  job.  In  such  cases  a more  or  less  temporary  measure 
has  to  be  resorted  to. 

Roughly  speaking,  we  in  Alberta  have  to  deal  with  two  classes  of 
failures,  (1)  Failures  of  the  Bituminous  mat,  (2)  Failures  of  the  base  or 
subgrade. 

Failures  under  class  (1)  may  be  caused  by  faulty  design;  improperly 
graded  aggregate,  the  wrong  type  of  asphaltic  oil,  too  rich  or  too  lean 
a mix.  Other  causes  of  the  failure  of  the  mat  may  be  due  to  lack  of 
aeration,  moisture  within  or  between  the  mat  and  base.  Disintegration 
may  have  been  caused  by  cattle,  horses,  narrow  tired  wagons,  lugs  on 
caterpiller  or  wheel  tractors. 

Failures  under  class  (2),  that  is  failures  in  the  subgrade  or  base, 
which  have  been  transmitted  through  and  caused  failures  in  the  mat, 
need  more  attention,  and  are  costly  and  difficult  to  rectify.  Failures 
in  this  class  include  frost  boils,  soft  spots,  change  in  the  density  of 
the  base,  causing  shrinkage  or  swelling,  poor  drainage,  little  or  no  base 
support  for  the  mat,  etc. 

Once  the  true  cause  and  extent  of  the  failures  have  been  arrived  at, 
it  is  a matter  of  rectifying,  as  far  as  funds  and  equipment  will  allow,  the 
causes  of  failures,  and  restoring  the  road  as  nearly  as  possible  to  it’s 
original  condition.  Bearing  these  points  in  mind,  we  are  more  or  less 
guided  into  the  proper  decision  as  to  whether  we  should  patch,  seal, 
remix,  retread,  or  replace  the  damaged  Bituminous  surface. 

METHODS  OF  PATCHING 

(a)  In  Alberta  pre-mixed  patching  material  on  the  heavier  mats 
has  been  found  to  be  far  more  satisfactory  than  mixed  in  place  material. 
In  the  first  place  you  have  far  better  control  over  the  proportions  of 
liquid  asphalt  to  the  aggregate,  and  consequently  you  get  a mix  that  is 
neither  too  lean  nor  too  rich,  as  is  often  the  case  with  mix  in  place 
material.  Secondly,  it  has  been  found  that  new  and  inexperienced  patching 
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crews  get  on  to  their  jobs  more  quickly,  and  do  better  work  than  when 
they  have  to  resort  to  mix  in  place  patching. 

For  light  surface  treatments,  the  mix  in  place  method  is  generally 
used,  though  this  depends  to  some  degree  on  the  extent  of  the  patching 
rquired.  For  patching  small  segregated  breaks,  the  pre-mix  material 
has  proved  more  satisfactory,  for  the  same  reasons  as  those  given  above 
for  the  heavier  mats. 

(b)  In  Alberta  different  types  of  Bituminous  binder  for  various 
patches  have  not  been  considered  to  any  extent.  The  practice  has  been 
to  use  as  far  as  possible  the  same  type  of  binder  for  patching  and  re- 
pairing as  has  been  used  in  the  original  mat.  This  of  course  is  not 
always  feasible.  In  connection  with  the  plant  mixed  mats  referred  to 
previously,  after  the  stock  piles  that  had  been  made  during  construe 
tion  had  been  used  up,  the  binder  used  for  subsequent  patching  was  the 
same  as  that  employed  in  light  surfacing  treatments.  The  binder  most 
extensively  used  for  all  patching  purposes  in  Alberta  is  the  MC  type  oi 
asphalt.  Some  RC  materials  have  been  employed  with  satisfaction,  but 
we  have  not  had  very  good  results  from  early  mats  where  SC  material 
was  used  as  binder.  For  this  reason  SC  asphalt  is  not  used  for  patching. 
This  year  in  some  sections  we  are  again  trying  out  SC  asphalts,  but  it 
is  still  too  early  to  report  on  the  results. 

(c)  Methods  of  mixing  pre-mixed  patch  materials  vary.  Our  work  is 

not  extensive  enough  to  warrant  the  purchase  of  mixing  machinery,  so 
that  a good  deal  of  the  work  is  done  by  hand,  mixing  on  a platform 

and  in  some  cases  drying  and  heating  the  aggregate  in  a very  similar 

manner  to  mixing  small  batches  of  concrete.  For  more  extensive  work, 
and  stock  piling,  a concrete  mixer  is  used.  This  has  proved  to  be  quite 
efficient  and  satisfactory.  For  small  penetration  patch  work  asphalt  kettles, 
with  motor  driven  spray  attachments,  are  used.  On  more  extensive 
work,  pressure  distributors  and  power  maintainers  are  used  for  mixing 
and  smoothing  out  the  aggregate. 

(d)  We  have  very  little  information  or  experience  with  regard 

to  the  length  of  time  the  material  may  be  left  in  stock  piles,  as  we  do 
not  make  a practice  of  stock  piling  the  material  ahead  for  any  length 
of  time.  The  material  is  very  seldom  left  for  more  than  a day  or  two  in 
stock  piles,  before  it  is  used.  We  have  found  however  that  stock  piles 
made  with  M.I.P.  asphalt,  can  be  left  for  a week  or  ten  days  without 
any  ill  effects,  except  for  a thin  crust  covering  the  outside  of  the  pile, 
caused  by  weathering.  This  M.I.P.  asphalt  as  we  term  it,  is  an  MC 

type,  but  has  a softer  base  than  the  general  run  of  MC  materials.  I 
might  also  mention  here  that  stock  piles  made  with  the  P.M.H.  asphalt 
mentioned  previously  in  connection  with  the  plant  mix  mat,  were  left 
for  two  years,  and  used  for  patching.  However,  by  the  end  of  the  second 
year  on  cool  days  picks  and  crowbars  had  to  be  resorted  to,  in  order 
to  loosen  up  the  pile. 

(e)  With  regard  to  the  grading  and  type  of  aggregate  used  for 
patch  material,  we  in  Alberta  follow  the  practice  of  using  the  same 
type  of  aggregate  as  has  been  used  in  the  original  mat.  When  the  gravel 
is  being  crushed  for  the  construction  of  the  mat,  provision  is  made  to 
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crush  and  stock  pile  extra  material  for  maintenance  purposes.  Should 
these  stock  piles  be  used  up  rapidly,  it  is  an  indication  that  extensive 
repairs  are  necessary.  A crusher  is  then  brought  back  to  the  pit,  and 
crushing  is  carried  out  for  seal  coat,  retread,  replacement,  etc.,  as  the 
case  may  be,  and  again  stock  piles  are  left  for  maintenance. 

The  present  trend  in  Alberta  is  to  get  away  from  the  densely  graded 
type  of  aggregate  for  all  grades  of  bituminous  surfacing,  as  the  following 
extract  from  the  specifications  show : 


(1)  AGGREGATE  FOR  ROAD  MIX— 

Passing  a 1%  inch  circular  opening  100% 

Passing  a 1 inch  circular  opening  60-95% 

Passing  a % inch  cricular  opening  . 25-50% 

Passing  a % inch  circular  opening  0-15% 

Retained  on  a % inch  circular  opening  100% 


(2)  AGGREGATE  FOR  SURFACE  TREATMENT— 


(a) 

Passing  a 1 inch  circular  opening  100% 

Passing  a % inch  circular  opening  90-100% 

Passing  a % inch  circular  opening  20-50% 

Passing  a Vi  inch  circular  opening  0-10% 

Retained  on  a % inch  circular  opening  100% 

(b) 

Passing  a % inch  circular  opening  100% 

Passing  a % inch  circular  opening  80-90% 

Passing  a % inch  circular  opening  5-25% 

Retained  on  a % inch  circular  opening  100% 

(3)  AGGREGATE  FOR  SEAL  COAT— 

Passing  a % inch  circular  opening  100% 

Passing  a % inch  circular  opening  70-80% 

Passing  a % inch  circular  opening  10-30% 

Retained  on  a % inch  circular  opening  100% 


In  conclusion  I might  say  the  Province  of  Alberta  is  endeavoring  to 
build  and  maintain,  as  far  as  her  limited  funds  will  allow,  roads  that 
will  enable  the  public  to  travel  in  safety.  In  doing  this,  she  is  fortunate 
in  having  neighboring  states  to  the  south,  who  have  passed  through  the 
early  stages  of  highway  development,  and  from  "whose  experience  and 
knowledge  Alberta  may  now  benefit. 
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Maintenance  Organization  and  Methods  Used  in 
Patching  Bituminous  Surface  in  Montana 

By 

W.  J.  LEAEY 
Division  Engineer 
Montana  Highway  Department 
Butte,  Montana 

MAINTENANCE  ORGANIZATION 

All  Maintenance  Activities  in  Montana 
are  supervised  by  the  Maintenance  Engi- 
neer, stationed  at  the  headquarters  office, 
in  Helena.  He  supervises  the  expenditures 
of  all  the  funds  allotted  by  the  State  High- 
way Engineer  for  Maintenance  purposes. 

He  advises  and  assists  the  Division  Engi- 
neers in  handling  all  the  Maintenance  work 
in  their  respective  divisions. 

The  highway  system  of  Montana  is 
divided  into  ten  divisions,  with  a Divi- 
sion Engineer  in  charge  of  each,  who  is 
responsible  for  all  Maintenance  and  Con- 
struction work. 

In  each  division  the  Division  Engineer 
is  assisted  by  a Maintenance  Foreman  or 
a Resident  Engineer.  Regular  routine  Main- 
tenance is  supervised  by  these  men,  who 
in  turn  are  assisted  by  sectionmen. 

The  Sectionmen  handle  all  regular  routine  Maintenance  over  their 
definite  section.  The  mileage  covered  by  each  sectionman  is  from  twenty- 
five  to  seventy-five  miles,  the  length  of  the  section  is  determined  by  the 
type  of  Maintenance  required.  With  one  or  two  regular  assistants  the 
Sectionmen  handle  all  the  regular  Maintenance  work  such  as:  cleaning 
ditches,  shoulders,  remixing  short  sections,  cleaning  culverts,  burning 
weeds,  painting  guard  rails,  patching  the  oiled  surface  and  removing 
snow. 

The  headquarters  for  state  highway  equipment  is  located  in  Helena 
and  it  is  operated  under  the  direction  of  the  Equipment  Engineer. 
The  Equipment  Engineer  is  assisted  by  a Field  Equipment  Superintendent, 
who  travels  throughout  the  State.  He  inspects  all  equipment  frequently 
and  reports  his  findings  to  the  Equipment  Engineer  and  Division  Engineer. 

All  major  overhaul  and  repair  work  is  done  at  the  headquarters  shop. 
The  regular  repair  work  is  done  in  the  division  shop,  which  is  located 
at  the  division  headquarters.  Each  division  shop  employs  from  two  to 
four  machinists. 
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During  the  spring  and  summer  months  special  crews  are  sent  through- 
out the  state,  from  the  central  headquarters  in  Helena,  to  do  different 
types  of  special  work.  This  Maintenance  work  consists  of:  center  line 
striping,  crushing  and  placing  gravel,  seal  coat  oiling  over  large  sec- 
tions,  cleaning  slides  and  ditches  and  remixing  large  sections  of  bituminous 
treated  material. 

While  in  the  various  divisions  the  Foreman  of  each  crew  reports  to 
the  Division  Engineer  under  whose  supervision  the  work  progresses.  The 
work  done  by  these  special  crews  is  usually  of  superior  quality  as  they 
are  well  equipped,  well  organized  and  highly  specialized. 

METHODS  USED  IN  PATCHING  BITUMINOUS  SURFACES 

(a)  Pre-mixed  patching  material  versus  mixed  in  place  on  heavy  mats 
and  light  surface  treatments. 

Most  of  the  patching  on  Montana  Bituminous  surfaces  is  done  with 
pre-mixed  material.  The  only  time  patches  are  mixed  in  place  is  on  mats  that 
cannot  be  torn  up  and  remixed.  Montana  has  very  few  sections  of  road- 
way with  mats  of  this  type.  However,  this  procedure  was  carried  out 
on  a rough  surface  of  a 95  Road  Oil  Mat  during  the  past  season. 

On  the  light  surface  treatments  regular  top  course  gravel  is  used 
with  a heavy  cutback  to  patch  the  failure.  If  the  roadway  in  question 
is  badly  pitted  or  broken  up,  the  mat  is  torn  up,  oil  added  and  a 
light  mat  made  to  replace  the  surface  treatment. 

(b)  Type  of  bituminous  binder  for  various  patches. 

Prior  to  1934  most  of  the  pre-mixed  material  used  an  SC-2  or  3 
road  oil  as  the  bituminous  binder.  From  1934  to  1937  many  MC  cutbacks 
were  used,  but  the  stockpiles  with  this  material  tend  to  dry  out  making 
it  very  unsatisfactory  for  patching. 

The  tendency  at  the  present  time  is  to  return  to  the  SC  Road  Oils 
in  pre-mixed  patching  material.  In  all  patches  where  pre-mixed  ma- 
terial is  used,  RC-1  cutback  is  used  to  prime  the  hole. 

All  sections  where  patches  are  mixed  in  place  SC-3  Road  Oil  is  used, 
as  the  subgrade  conditions  at  these  points  are  usually  unfavorable  and 
the  mat  has  to  be  torn  up  from  year  to  year. 

Upon  failure  of  surface  treatments  MC-3  cutback  has  been  used 
with  gravel,  except  when  the  mat  is  torn  up,  then  SC-3  Road  Oil  is 
used  as  the  bituminous  binder  for  the  light  mat. 

(r)  Methods  of  mixing  patch  material. 

Most  of  the  pre-mixed  material  used  is  mixed  beside  the  stockpiles 
of  gravel  with  a motor  patrol.  Oil  is  delivered  in  trucks  from  the  refinery 
to  the  mixing  place,  where  it  is  transferred  to  a distributor.  It  is  then 
distributed  into  the  windrow  of  gravel  where  it  can  be  readily  mixed 
with  a motor  patrol. 

If  material  is  needed  for  patching  in  the  spring  or  fall  when  the 
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mineral  aggregate  in  the  stockpiles  are  cold  and  wet,  each  division  has 
a small  pugmill  equipped  with  a drier  and  a mixing  unit.  Approximately 
twenty-five  yards  of  suitable  patching  material  can  be  mixed  with  this 
unit  in  a working  day.  This  mixing  plant  is  easily  transferred  about  the 
division  as  required.  However,  the  cost  of  mixing  with  this  machine 
is  much  higher  than  with  the  motor  patrol,  so  it  is  only  used  when 
absolutely  necessary. 

All  the  patches  mixed  in  place  are  treated  in  the  same  manner  as 
a light  road  mix  treatment,  except  the  old  mat  is  tacked  with  RC-1 
just  before  the  patch  is  ready  to  be  spread  over  the  old  surface. 


(d)  Length  of  time  material  may  be  stockpiled. 


In  Montana  we  have  some  pre-mixed  material,  mixed  in  1930  using 
an  SC-2  Road  Oil  as  the  bituminous  binder  and  we  find  this  material  is 
still  very  suitable  for  patching. 

In  1934  and  1935  some  gravel  was  mixed  using  an  MC-2  cutback 
as  the  bituminous  binder,  but  this  material  tended  to  dry  out  and  in 
some  cases  additional  cutback  had  to  be  added  prior  to  using  it  on  the 
roadways. 

The  length  of  time  material  may  be  stockpiled  depends  largely  upon 
the  type  of  bituminous  binder  used. 

(e)  Grading  and  type  of  aggregates  for  patch  material. 


The  following  is  the  gradation  table  of  aggregates  used  for  patching 
in  1933. 


Gradation  Table 

Size  Per  Cent 

Passing  a screen  having  l^-inch  circular  openings 

or  1-inch  mesh  openings  - 100% 

Passing  a screen  having  ^-inch  circular  openings 

not  more  than  65% 

Passing  a 10-mesh  sieve  - — - 30-55% 

Passing  a 200-mesh  sieve  5-15% 

This  material  did  not  prove  satisfactory  as  there  was  too  much  large 
aggregate  in  the  mix  which  made  it  difficult  to  make  a thin  patch. 

The  following  is  the  gradation  table  of  the  aggregates  used  almost 
exclusively  now,  and  which  has  proven  very  satisfactory. 


Gradation  Table 


Size  Per  Cent 

Passing  a %-inch  screen  (circular)  100% 

Passing  a %-inch  screen  (circular)  - 40-65% 

Passing  a 10-mesh  sieve  30-55% 

Passing  a 40-mesh  sieve  - 15-35% 

Passing  a 200-mesh  sieve  5-15% 


The  above  data  explains  the  methods  of  patching  used  in  Montana 
to  maintain  an  extensive  mileage  of  bituminous  surfaces  on  limited 
revenue. 
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Maintenance  of  Bituminous  Surfaces 

By 

D.  D.  WILLIAMSON, 


District  Engineer, 

The  Asphalt  Institute 
Dallas,  Texas 

PROPER  DECISION  AS  TO  WHETHER  TO  PATCH,  SEAL,  REMIX, 
RETREAD,  OR  REPLACE  BITUMINOUS  SURFACES. 

We  have  all  been  confronted  with  the 
necessity  of  making  the  above  decision.  If 
this  decision  was  arrived  at  only  from  the 
engineering  standpoint  it  would  be  com- 
paratively simple,  however,  the  question  of 
finances  is  ever  before  us.  In  thinking 
of  this  question  the  following  questions 
must  be  settled : 

(1)  The  amount  of  money  the  par- 
ticular road  earns  and  its  earning  capac- 
ity compared  to  its  desired  condition  and 
general  appearance. 

(2)  Available  finances. 

(3)  Condition  of  base. 

(4)  Surface  and  percentage  needing 
repairs. 

Unfortunately  entirely  too  often  we 
are  prone  to  sacrifice  road  appearance  with  consequent  adverse  public 
reaction  in  favor  of  saving  a few  dollars  per  mile. 

We  must  first  satisfy  ourselves  as  to  the  true  condition  of  the  base. 
If  the  base  is  obviously  a failure  there  is  little  justification  for  spend- 
ing an  additional  sum  of  money  on  a new  surface  or  even  repairing 
the  old  surface.  The  only  answer  to  this  is  reconditioning  the  entire 
base.  If  conditions  justify  it  we  may,  of  course,  improve  the  old  base  by 
incorporating  into  it  the  old  top.  It  might  be  of  interest  here  to  state 
that  recent  experiments  in  Texas  indicate  an  advantage  in  using  a soil 
stabilizer  type  emulsion  in  very  small  quantities  in  helping  to  set-up 
base.  This  emulsion  is  used  in  lieu  of  a part  of  water.  This  has  been 
done  in  new  base  construction  and  we  see  no  reason  why  it  would  not 
be  advantageous  in  old  base  in  reconditioning  old  base  material.  It  is 
not  the  idea  here  to  arrive  at  a stabilized  base  as  we  consider  it,  but 
rather  to  aid  setting-up. 

Remix.  Remix  of  old  top  presents  in  some  cases  a very  intricate 
problem  and  I am  afraid  sometimes  our  desire  to  experiment  overcomes 
our  better  judgment.  We  may  go  as  far  as  to  say  that  any  type  of 
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material  can  be  remixed  but  all  types  certainly  cannot  be  remixed  eco- 
nomically. There  are  definitely  a number  of  types  of  pavement  which 
under  certain  conditions  should  be  remixed,  such  as  surfaces  constructed 
of  soft  asphalt — SC  types  which  are  rolling  and  shoving  due  to  excess 
binder,  (surfaces  which  have  become  water-logged  due  to  capillary  action 
and  are,  therefore,  rolling  and  shoving.)  This  particular  type  of  failure 
is  characteristic  of  light  materials  with  no  base.  Of  these  types  particu- 
larly adapted  to  remixing  we  would  say  in  general  that  surfaces  which 
show  failure  of  more  than  25%  of  the  total  area  and  where  base  repairs 
are  deemed  necessary  over  a large  area — these  should  be  remixed. 

Retread.  Where  the  present  material  shows  evidence  of  being  brittle 
and  cracking  due  to  lean  mix  and  where  the  base  condition  is  good 
and  where  a seal  coat  would  not  be  sufficient  to  bring  the  surface  to 
the  desired  thickness  necessary  to  carry  traffic,  we  would  retread.  We 
would  retread  also  where  the  surface  has  remained  in  good  condition 
over  a long  period  of  time  but  wrhere  subgrade  settlement  has  caused 
an  irregular  riding  surface. 

Sealing:  As  stated  above  under  remixing  we  would  seal  when  ap- 
proximately 25%  of  the  surface  needs  it.  Patching  is  a year  to  year 
complaint  and  if  as  much  as  25%  of  a road  surface  needs  repairs  we 
may  safely  assume  that  the  following  year  we  will  have  additional  patch- 
ing. A complete  job  of  light  sealing  is  comparatively  inexpensive  and 
should  furnish  a good  riding  surface  for  from  five  to  eight  years  with 
very  light,  if  any,  maintenance  cost  during  this  period  and,  of  course,  a 
much  better  public  reaction.  The  question — when  to  seal — is  very  import- 
ant and  should  be  brought  to  the  attention  of  engineers  at  every  op- 
portunity. Repair  crews  should  not  be  advised  by  the  engineer  to  “re- 
pair where  it  needs  it”  but  maintenance  should  be  watched  as  carefully 
and  as  intelligently  as  construction  to  save  the  initial  investment  in 
the  road. 

Replace:  We  would  say  that  when  to  replace  a bituminous  road 
comes  under  the  same  question  as  to  when  to  remix.  Roads  not  subject 
to  remixing  must  be  replaced  when  the  base  is  obviously  a failure  and 
needs  reconditioning  throughout. 

Patch:  We  should  carefully  consider  the  relative  cost  of  yearly  main- 

tenance patching  as  against  sealing ; as  well  as  cost  we  should  consider 
public  reaction.  In  general  a much  better  appearing  road  will  result  from 
a road  which  has  been  sealed  over  a road  that  has  been  spot  patched. 

METHODS  OF  PATCHING 

(a)  Pre-mixed  Patching  Material  Versus  Mixed  in  Place  on  Heavy 
Mats  and  Light  Surface  Treatments. 

The  question  of  pre-mixed  material  versus  hot  patching  is  one  that 
I have  heard  heatedly  discussed.  Pre-mixed  material  undoubtedly  has  an 
advantage  from  the  viewpoint  of  safety  to  the  public  during  repairs.  Pre- 
mix material  is  easier  to  handle  and  if  the  patch  is  of  sufficient  size 
results  in  a smooth  and  well  appearing  patch.  However,  if  the  patch  is 
small  in  area,  much  may  be  said  in  favor  of  the  hot  patch.  Hot  patching 
requires  a man  of  more  experience  on  the  road  but  does  not  require  a 
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central  plant.  A patch  of  pre-mix  material  must  be  relatively  open  in  texture 
to  facilitate  curing — hot  patches  can  be  made  much  more  dense.  We  should, 
of  course,  always  bear  in  mind  that  the  patching  material  should  be  wher- 
ever possible  identical  to  the  material  that  the  road  was  originally  built  of. 

(b)  Type  of  Bituminous  Binder  for  Various  Patches. 

The  type  of  bituminous  binder  to  be  used  should  be  based  on  the 
penetration  of  the  asphalt  originally  used  in  the  pavement.  In  general 
probably  a slightly  harder  asphalt  should  be  used  because  in  the  patch  we 
have  a type  of  penetration  macadam.  If  the  type  is  pre-mix,  an  RC  cut- 
back would  be  suitable  in  most  cases ; if  hot-mix,  regular  paving  cement. 

(c)  Methods  of  Mixing  Patch  Material. 

Methods  of  mixing  patch  material  usually  depends  on  the  present 
preference  of  the  operator,  based,  of  course,  on  his  choice  of  type  of  patch. 
Of  course,  if  the  repairs  are  small  the  material  may  be  mixed  by  hand. 

(d)  Length  of  Time  Material  May  be  Stockpiled. 

Oklahoma  has  used  stockpiled  material  of  the  SC  type  after  more  than 
a year.  Practically  any  pre-mix  material  of  the  cut-back  or  emulsion  type 
may  be  safely  stockpiled  for  thirty  days.  If  the  aggregate  is  relatively 
soft  we  will  find  that  these  soft  particles  have  absorbed  a considerable 
amount  of  the  volatile  material.  This,  of  course,  will  hasten  setting-up. 
Stockpiles  should  be  built  relatively  high  and  when  taking  material  from 
the  stockpile  we  should  be  careful  to  make  clean  cuts  and  not  disturb  more 
of  the  surface  than  is  necessary. 

The  length  of  time  material  may  be  stockpiled  is,  of  course,  greatly 
dependent  upon  temperature  and  humidity.  The  curing-out  of  cut-back 
materials  is  definitely  a function  of  the  ability  of  the  atmosphere  to  take 
up  moisture.  High  temperature  is  not  necessarily  conducive  to  curing- 
out  since  with  high  temperature  often  goes  high  humidity. 

(e)  Grading  and  type  of  aggregates  for  patch  material. 

If  pre-mix  material  is  used  we  must  use  a relatively  open  mix  since  we 
must  hold  the  road  open  to  traffic.  A considerable  amount  of  volatile 
material  must  be  eliminated  or  the  patch  will  be  shoved  off  the  road  by 
traffic.  In  general  I suggest  about  30-35%  plus  10  material  with  maxi- 
mum size 

Local  or  creek  bank  deposits  are  being  used  successfully  but  every 
effort  should  be  made  to  use  the  same  aggregate  in  patching  as  was 
used  in  the  original  construction.  Gravel  aggregate  should  certainly  be 
used  to  repair  a road  where  the  original  construction  used  gravel  aggre- 
gate. Any  additional  cost  in  securing  a blending  patch  is  certainly  offset 
by  the  final  appearance. 

SEALING 

(a)  Type  and  grade  of  bituminous  materials  used. 

We  must  first  consider  priming  the  base.  If  the  base  surface  is  suf- 
ficiently well  bonded  a prime  might  be  unnecessary.  If  the  surface  is 
relatively  loose  a prime  is  necessary — a medium  curing  cut-back  will 
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penetrate  the  base  to  a depth  of  about  an  inch  and  will  deposit  its  as- 
phaltic content  principally  in  the  upper  layer.  Slow  curing  oils  are 
not  recommended  because  of  the  tendency  to  develop  a spongy  mat. 

RC  materials  are  probably  the  most  popular  of  the  cutbacks  because 
they  are  readily  reduced  to  its  basic  asphalt.  In  penetration  we  find 
about  equal  preference  between  135  and  230  penetration  materials. 

(b)  Methods  of  applying  cover  material. 

Spreader  boxes  are  used  in  most  cases.  On  applying  by  hand  material 
should  be  deposited  lengthwise  of  the  road. 
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Reconstruction  of  Failed  Bituminous  Surfaces 

By 

W.  H.  ROOT,  Maintenance  Engineer 
Iowa  State  Highway  Commission 
Ames,  Iowa 

In  repairing  failed  bituminous  surfaces  the  most  important  considera- 
tion is  promptness.  The  old  saying  “A  stitch  in  time  saves  nine” 
certainly  applies  to  bituminous  repair  work.  Any  breaks  in  the  surface 
of  a bituminous  road  should  be  repaired  within  twenty-four  hours.  This 
may  sound  a bit  radical,  but  radical  practice  is  necessary  in  bituminous 
road  maintenance.  Thousands  of  dollars  of  maintenance  money  can  be 
saved  by  the  prompt  repair  of  surface  breaks.  Prompt  repair  of  surface 
breaks  precludes  the  maintenance  of  bituminous  surface  by  the  gang 
method  which  makes  only  periodic  repairs.  The  patrol  method  of  main- 
tenance is  much  better  adapted  to  bituminous  road  maintenance. 

Next  in  importance  to  prompt  repair  of  surface  defects  is  the  careful 
determination  of  the  cause  of  the  failure  and  the  complete  curing  (if 
possible)  of  the  defect.  It  might  be  argued  that  these  two  theories  are 
opposed  to  each  other,  that  it  is  impossible  to  make  prompt  repairs  and 
at  the  same  time  find  the  cause  of  the  failure  and  cure  such  cause.  This 
brings  out  the  difference  between  permanent  and  temporary  repairs. 

It  is  true  that  frequently  time  does  not  permit  the  thorough  ex- 
amination and  study  necessary  to  determine  the  cause  of  failure  or 
possible  weather  conditions  interfer  with  the  complete  elimination  of 
the  cause.  In  such  cases  temporary  repairs  should  be  made  immediately. 
Such  temporary  repairs  should  waterproof  the  failure  and  put  the  road 
in  shape  till  more  complete  and  lasting  repairs  can  be  made.  So-called 
skin  patching  adapts  itself  to  this  type  of  repairs  very  nicely.  This  is 
done  b3>  applying  about  one-fourth  gallon  of  bitumen  per  square  yard  to 
the  failed  surface  and  covering  the  bitumen  with  twenty  or  thirty  pounds 
of  aggregate.  If  the  failure  is  fairly  deep  two  or  three  such  applications 
may  be  made  one  on  top  of  the  other. 

After  temporary  repairs  have  been  made  or  even  before  any  work 
is  done  (if  time  permits)  a careful  study  should  be  made  to  determine 
the  cause  of  the  failure.  This  study  will  insure  the  making  of  adequate 
repairs  and  will  also  enable  the  engineer  to  guard  against  future  mis- 
takes of  the  same  sort. 

Most  surface  failures  are  due  to  the  failure  of  the  base.  This  may 
be  due  to  improper  base  construction  or  as  is  frequently  the  case  to  the 
overloading  of  the  base.  More  attention  should  be  be  given  to  the  limit- 
ing of  loads  on  black  top  roads  so  that  they  will  not  be  called  upon  to 
carry  excessive  traffic.  At  least  they  should  not  be  expected  to  carry 
loads  in  access  of  the  maximum  permitted  under  state  laws. 
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Maintenance  of  Bituminous  Surfaces 

By 

S.  M,  RUDDER,  Assistant  Chief  Engineer 
Missouri  State  Highway  Department 
Jefferson  City,  Missouri 

PROPER  DECISION  AS  TO  WHETHER  TO  PATCH,  SEAL,  REMIX, 
RETREAD  OR  REPLACE  BITUMINOUS  SURFACES. 

Failures  on  bituminous  surfaces  gen- 
erally are  of  the  same  type  regardless 
of  the  type  of  surface  and  can  be  roughly 
classified  as  base  failures  or  surface  de- 
fects or  failures.  A large  number  of  the 
latter  type  are  often  incorrectly  diagnosed 
as  such,  when,  in  fact,  they  are  only  the 
result  of  inadequate  base  support.  While 
it  is  true  that,  failures  in  all  types  can 
be  classified  alike,  maintenance  and  repair 
methods  are  by  no  means  similar. 

In  order  to  be  able  to  make  the  proper 
decision  as  to  the  type  of  repair  the 
cause  of  the  failure  should  first  be  cor- 
rectly determined.  This  requires  a thorough 
knowledge  of  all  the  conditions  which  may 
have  been  contributory  factors  to  the  cause 
of  the  failure.  Climatic  conditions  and 

seasonal  variations  in  type  of  traffic  may 
be  the  influencing  factors  in  certain  cases.  After  the  type  of  failure  and 
the  cause  of  such  failure  has  been  determined,  the  proper  decision  as 
to  whether  to  patch,  seal,  remix,  or  resurface  can  readily  be  made.  One 
factor  which  is  frequently  of  vital  importance  in  considering  repair  meth- 
ods is  whether  the  alignment  and  grades  are  to  be  changed  materially 
in  the  near  future.  When  such  changes  are  to  be  made,  it  is  often 
uneconomical  to  make  extensive  repairs  or  improvements  as  it  is  usually 
difficult  and  expensive  to  salvage  any  of  the  existing  base  or  surface. 
In  such  cases  temporary  repairs  of  a less  expensive  nature  can  often 

be  made  which  will  adequately  and  satisfactorily  carry  traffic  for  a 
short  time.  It  is  often  difficult  to  determine  just  how  extensive  repairs 
are  to  be  made  by  the  patching  method.  On  account  of  the  large  amount 
of  hand  work  involved,  this  is  probably  the  most  expensive  type  of  re- 
pair encountered  on  bituminous  surfaces.  The  season  at  which  repairs 

are  made  will  influence  to  a large  extent  the  type  of  repair  to  be 
made.  It  is  needless  to  say,  however,  that  patching  should  be  done  when- 
ever holes  develop  in  the  surface  regardless  of  the  time  of  the  year. 
If  small  breaks  are  allowed  to  remain,  disintegration  of  both  the  base 

and  surface  will  soon  progress  to  such  a point  that  much  more  extensive 
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repairs  will  have  to  be  made.  Patching  can  in  most  cases  be  considered 
only  as  a temporary  method  of  repair  either  as  a preparation  for  some 
other  type  of  repair  or  to  serve  until  some  other  type  of  repair  can  be 
made.  In  some  cases  where  the  surface  is  supported  by  an  adequate  base 
course  and  only  a few  minor  surface  or  base  defects  show  up,  patching 
may  be  the  most  economical  method  of  repair  and  will,  if  such  patches 
are  properly  constructed,  give  satisfactory  service  for  a long  time. 

Patching  requires  skill  and  should  be  very  carefully  done.  A good 
patch  should  in  a short  time  blend  with  the  adjoining  surface  so  that 
it  will  become  unnoticeable.  Patches  should  be  made  of  the  same  type 
and  grade  of  material  as  used  in  the  original  construction,  and  be  placed 
so  that  the  density  will  be  as  near  like  the  adjoining  pavement  as 
possible.  If  these  precautions  are  not  taken  the  patch  will  in  most  cases 
turn  out  to  be  either  a high  spot  or  a low  spot. 

It  is  an  established  fact  that  bituminous  materials  harden  more  or 
less  under  the  action  of  the  elements.  This  hardening  process  is  more 
rapid  in  open  mixtures  which  contain  a large  number  of  air  voids.  As 
a result  of  this  hardening  process  of  the  binding  medium  the  surface 
course  soon  becomes  brittle  and  the  surface  will  crack  under  very  small 
movements  of  the  supporting  base  or  subgrade.  This  cracking  will  fur- 
ther expose  the  surface  to  the  action  of  the  elements  and  traffic,  and 
as  a result  disintegration  and  raveling  will  be  materially  accelerated. 
All  of  the  popular  types  of  low  cost  surfaces  should  preferably  be  sealed 
as  soon  as  possible  after  construction  so  as  to  close  up  the  air  voids 
and  keep  surface  water  from  entering  the  surface  course  or  base.  Such 
seal  coats  should  consist  of  sufficient  bituminous  material,  together  with 
a covering  of  clean,  durable  and  properly  graded  aggregate,  to  properly 
close  air  voids  and  provide  a satisfactory  nonskid  surface.  Light  seals 
such  as  “penetration”  or  “fog  seals”  which  do  not  include  the  use  of 
cover  material  are  of  doubtful  value  for  this  purpose  and  if  repeated  often 
enough  or  in  sufficient  amounts  will  often  result  in  a slippery  surface. 
Penetration  seals  can  often  be  used  to  add  binder  to  a bituminous  mat 
which  has  been  built  with  insufficient  oil.  In  choosing  this  type  of  seal 
to  be  used  one  factor  which  should  not  be  overlooked  is,  namely,  the 
safety  factor  which  in  relation  to  the  surface  is  the  resistance  to  skidding. 

Bituminous  surfaces  of  the  oil  mat  type  which  have  become  dry  and 
brittle  to  such  an  extent  that  raveling  is  taking  place  can  be  readily 
salvaged  by  scarifying  and  pulverizing  and  adding  the  proper  amount 
of  binder  and  remixing. 

This  method  is  not,  however,  any  cure  for  a surface  which  has  failed 
due  to  inadequate  base  support  and  its  success  or  failure  is  dependent  on 
the  correct  diagnosis  as  to  the  cause  of  the  failure ; it  is  also  a rela- 
tively expensive  form  of  maintenance.  Surface  failures  such  as  rolling 
or  shoving  are  caused  by  either  an  excess  of  oil  in  the  mat  or  the  pres- 
ence of  too  much  moisture.  The  first  opinion  that  most  trouble  of  this 
type  was  due  to  excess  oil  has  been  more  or  less  superseded  by  the  belief 
that  excess  oil  alone  sometimes  causes  corrugations,  but  usually  moisture 
is  the  direct  cause.  Where  the  mat  contains  an  excess  of  oil  it  can  be 
remixed  with  additional  aggregate  and  relaid.  Excess  moisture  can  be 
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eliminated  by  remixing  • however,  no  permanent  results  can  be  obtained 
by  this  method  if  the  aggregate  is  hydrophilic  in  character. 

It  is  usually  more  difficult  to  determine  when  resurfacing  is  desir- 
able. This  method  of  repair  depends  somewhat  on  the  type  of  surface 
which  is  to  be  resurfaced  and  the  results  desired.  Minor  irregularities 
and  settlements  can  be  eliminated  by  resurfacing  with  thin  courses  prop- 
erly placed.  The  load  carrying  capacity  of  such  surfaces  is  also  increased 
by  successive  resurfacings.  Before  resurfacing  to  provide  increased  load 
carrying  capacity,  all  conditions  should  first  be  carefully  considered  as 
the  thickness  of  the  base  can  usually  be  increased  at  less  cost  per  inch 
of  thickness  than  the  cost  of  providing  such  additional  thickness  by  the 
resurfacing  or  retreading  method.  Thin  bituminous  surfaces  can  some- 
times be  greatly  improved  by  resurfacing.  When  resurfacing  to  improve 
the  riding  qualities  as  many  of  the  irregularities  as  possible  should  be 
taken  out  by  means  of  a wedge  course  in  order  that  the  final  wearing 
course  may  be  placed  to  as  near  a uniform  thickness  as  possible.  This  is 
important  in  order  that  uniform  compaction  may  be  obtained  during 
construction  and  that  any  further  compaction  under  traffic  will  be  uniform. 

When  failures  are  of  such  nature  that  none  of  the  above  maintenance 
methods  are  deemed  adequate  or  advisable  in  order  to  place  the  bitum- 
inous surface  in  good  condition,  replacement  of  the  wearing  course  will, 
no  doubt,  be  the  proper  procedure.  This  is  hardly  a maintenance  opera- 
tion except  where  only  short  sections  or  small  portions  of  a section  are 
to  be  replaced.  The  causes  of  failure  should  first  be  carefully  searched 
out  and  any  failures  due  to  poor  drainage  of  either  surface  or  subgrade 
drainage  should  be  corrected ; usually  the  base  failure  is  caused  by 
water,  often  held  back  by  a rock  ledge  or  impervious  soil  layer  in  the 
subgrade,  or  by  inadequate  side  drainage.  Whatever  the  cause,  it  should 
be  searched  out  and  remedied  before  replacing  the  base  course.  A bleeder 
drain  should  be  placed  through  each  shoulder  so  that  subdrainage  will 
be  provided. 

Increasing  loads  may  require  heavier  construction  in  order  that  the 
road  may  properly  serve  the  traffic.  Where  surfaces  are  of  the  low 
cost  type  they  can  often  be  incorporated  in  the  base  along  with  other 
aggregates  or  bituminous  materials,  and  thus  utilized  to  add  thickness 
and  load  carrying  capacity  to  the  base  before  a new  surface  is  placed. 

Each  job  will  usually  present  different  possibilities  due  to  local  con- 
ditions and  will  therefore  have  to  be  considered  on  its  own  merits.  This 
is  especially  true  of  low  cost  bituminous  surfaces  which  are  mainly  de- 
pendent on  their  low  cost  to  the  availability  and  use  of  local  materials. 

No  hard  and  fast  rule  can  be  laid  down  as  to  when  to  use  any  of 
the  various  methods  of  repair  since  no  two  sets  of  conditions  may  be 
of  a like  nature.  As  stated  previously  in  this  paper,  the  method  will 
depend  largely  upon  judgment,  experience  and  a thorough  knowledge 
of  local  conditions. 

SEALING 

In  Missouri  this  type  of  work  can  be  roughly  divided  into  two 
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general  classes ; that  is,  surface  treatments  which  demand  the  use  of 
a light  grade  of  bituminous  material  without  the  use  of,  or  with  only 
negligible  amounts  of  cover  material,  and  those  which  utilize  the  heavier 
grades  of  bituminous  materials  and  must  have  a substantial  covering 
of  aggregate  to  prevent  traffic  from  picking  up  the  bituminous  material. 

The  first  type  mentioned  calls  for  bituminous  material  which  will 
flow  readily  at  ordinary  summer  air  temperatures.  This  is  necessary  in 
order  that  the  material  may  flow  into  the  pores  of  the  mat  to  as  great 
a depth  as  possible.  Cutbacks  of  both  the  rapid  curing  and  of  the  medium 
curing  type  are  being  used  for  this  type  of  seal.  When  this  type  of 
seal  is  placed  under  traffic,  the  amount  placed  in  any  one  application  must 
necessarily  be  small  in  order  not  to  inconvenience  traffic  any  more  than 
necessary.  Sometimes  a light  covering  of  chips  may  be  necessary  to 
keep  traffic  from  picking  up  the  bituminous  material.  This  has  a ten- 
dency to  reduce  the  effectiveness  of  the  seal  as  the  cover  material  will 
take  up  some  of  the  bitumen.  This  type  of  seal  can  be  very  effective 
in  raising  the  bitumen  content  of  lean  mats  if  placed  on  new  work 
before  traffic  has  had  an  opportunity  to  fully  compact  the  mat.  One 
disadvantage  of  this  type  of  surface  treatment  is  that  it  must  usually 
be  performed  every  year,  another  is  that  successive  applications  have 
a tendency  to  make  the  surface  slippery  in  wet  weather  which,  from 
a safety  standpoint,  is  a highly  undesirable  condition. 

Cover  material  should  not  be  applied  on  this  type  of  surface  treat- 
ment unless  necessitated  by  traffic  or  in  case  the  surface  voids  are  large. 
When  used  to  partially  close  up  surface  voids  the  cover  material  should 
be  small  enough  and  in  such  amounts  that  the  surface  voids  will  not  be 
completely  filled. 

The  second  type  of  surface  treatment  which  requires  the  use  of 
a heavier  type  of  bituminous  material  can  be  made  to  serve  two  pur- 
poses: The  first  is  waterproofing  mats,  and  the  second  is  to  provide  a 
nonsk’d  surface.  This  type  of  surface  treatment  requires  the  use  of 
heavy  cutbacks  or  high  penetration  asphalts,  which  will  hold  a consider- 
able amount  of  cover  material.  Lighter  grades  of  bituminous  materials 
can  be  used  if  the  cover  material  is  to  be  mixed  with  the  binder  before 
rolling.  Where  heavy  binders  are  used  by  the  inverted  penetration 
method  a light  colored  surface  can  usually  be  obtained,  which,  if  prop- 
erly placed,  may  be  effective  for  a considerable  length  of  time.  Light 
colored  surfaces  are  desirable  in  that  they  promote  safety  for  night  driv- 
ing. Surface  treatments  of  this  type  do  not  penetrate  the  mat  being 
surfaced  but  rather  form  a thick  film  over  the  surface  and  are  there- 
fore an  effective  means  of  keeping  out  surface  water. 

Cover  materials  which  are  composed  of  crushed  angular  particles 
are  desirable  as  they  will  bond  better  with  the  bituminous  material  than 
smooth,  rounded  particles.  The  maximum  size  of  cover  material  shall 
be  governed  by  the  quantity  of  bituminous  material  to  be  used.  For 
applications  at  the  rate  of  approximately  one-fourtli  of  a gallon  per 
square  yard  cover  material  should  preferably  not  be  over  three-eighths 
of  an  inch  in  maximum  size.  For  applications  of  from  four-tenths  to 
five-tenths  of  a gallon  per  square  yard  cover  material  up  to  one-half  or 
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five-eighths  inch  in  maximum  size  may  be  used.  When  cover  material 
used  for  surface  treatments  has  too  much  spread  in  gradation,  a con- 
siderable amount  of  the  larger  particles  may  be  whipped  off  by  traffic, 
thus  resulting  in  a loss  of  this  material.  Some  spread  in  gradation  is 
desirable  in  order  that  the  particles  will  be  keyed  together  as  much  as 
possible.  In  order  to  overcome  the  loss  of  cover  material,  and  to  make 
the  surface  treatment  more  dense,  recent  developments  are  toward  the 
application  of  cover  material  in  two  sizes;  the  larger  size  being  applied 
to  the  bituminous  material  first,  thus  allowing  them  to  bond  to  the 
surface.  The  smaller  particles  being  applied  last  will  sift  down  into  the 
voids  between  the  larger  particles  and  tend  to  key  them  in  place. 

The  quantity  of  cover  material  will  vary  with  the  conditions  under 
which  the  surface  treatment  is  placed  as  well  as  with  the  type  and 
amount  of  bituminous  material  used.  For  best  results  cover  material 
should  be  dried  and  heated  before  being  applied. 

Before  the  surface  treatment  is  placed  the  existing  surface  should 
be  thoroughly  cleaned  of  all  foreign  materials  and  should  be  thoroughly 
dry  in  order  that  a good  bond  will  be  insured.  When  this  work  is  done 
under  traffic,  applications  should  be  made  to  only  one-half  of  the  road 
at  the  time. 

The  application  of  cover  material  should  follow  immediately  behind 

the  distributor  and  each  distributor  load  of  bituminous  material  should 
be  covered  before  the  next  one  is  poured.  Cover  material  should  be 

placed  by  means  of  mechanical  spreaders  of  such  types  that  the  amount 
of  material  will  be  uniformly  applied  in  the  desired  quantity.  If  a light 

colored  surface  is  desired  a slight  excess  of  cover  material  should  be 

used.  This  is  necessary  in  order  to  prevent  traffic  from  bringing  the 
binder  up  and  tracking  up  the  surface  before  the  binder  has  cured  out 
or  hardened.  The  surface  should  be  rolled  once  over  with  a light  roller, 
either  tandem  or  three-wheel,  weighing  over  five  (5)  tons,  shortly  after 
the  cover  material  has  been  placed.  If  the  cover  material  is  damp, 
rolling  should  be  deferred  until  the  cover  material  is  dry.  It  may  some- 
times be  advisable  to  broom  the  surface  lightly  to  assist  in  the  proper 
distribution  of  the  cover  material  and  cover  up  thin  spots. 

Cover  material  may  also  be  placed  directly  from  tail  gates  from 
trucks  or  may  be  spread  by  hand  with  shovels.  Neither  of  these  methods 
is  very  accurate,  and  an  excess  is  usually  placed.  The  cost  of  a good 
spreader  will  soon  be  offset  by  the  savings  in  the  cover  material  when 
the  specified  amount  can  be  accurately  spread. 

The  subject  of  plant  mix  seal  mixtures  is  in  the  experimental  stage 
in  Missouri.  We  have  placed  two  miles  of  an  Amesite  mixture  on  an 
old  oil  mat  road  and  it  has  been  in  use  one  year  and  looks  very  fine. 
The  seal  varies  from  regular  2"  of  Amesite  surface  over  several  of  the 
i/8  mile  sections  to  only  the  %"  wearing  course  over  others  of  the  % 
mile  sections. 

The  distress  and  failure  cracks  in  the  old  pavement  do  not  show 
now,  and  we  are  expecting  this  experimental  section  to  solve  the  seal- 
ing of  some  of  our  oil  roads  with  the  higher  type  asphalt  mixtures. 


—571— 


RECONSTRUCTION  OF  FAILED  SURFACES 


Failure  of  low  type  bituminous  surfaces  are  of  two  kinds:  failure 

in  the  surface  and  failure  of  the  base  or  sub-base.  The  majority  of 
failures  have  been  due  to  the  base  or  subgrade;  those  due  to  the  sur- 
ace  itself  are  few  and  more  easily  corrected.  The  failures  due  to  the 
surface  are  caused  by  a dry  mat  or  an  insufficient  amount  of  bituminous 
binder,  one  with  an  excess  of  bituminous  binder,  an  excess  of  fines  in 
the  aggregate,  and  due  to  an  insufficient  amount  of  fine  material  in 
the  aggregate. 

A dry  mat  or  one  constructed  with  an  insufficient  amount  of  bitum- 
nous  binder  can  best  be  corrected  by  removing  the  surface  and  remix 
with  additional  bitumen.  Sometimes  the  dry  mats  have  been  protected 
and  the  usefulness  prolonged  by  penetrating  the  surface  with  additional 
bitumen  since  the  depth  of  penetration  is  not  very  great;  this  is  at  the 
most  a cheap,  temporary  repair  to  a dry  mat. 

A mat  constructed  with  an  excess  of  bituminous  material  will  re- 
sult in  bleeding,  which  is  easily  taken  care  of  by  blotting  with  fine 
aggregates,  the  gradation  of  the  aggregate  depending  on  the  amount  of 
bleeding. 

A mat  constructed  with  an  excess  of  fines  in  the  aggregate  may 
result  in  shoving  and  corrugations  in  the  surface  if  an  excess  of  oil  is 
used.  To  correct  this,  coarser  material  must  be  added  which  probably 
would  require  the  remixing  of  the  surface  material. 

A mat  constructed  with  an  insufficient  amount  of  fines  in  the  aggre- 
gate will  result  in  an  open  mat  subject  to  surface  ravel  and  the  admission 
of  surface  water.  This  condition  can  be  corrected  by  the  addition  of 
bitumen  and  fines  to  close  the  voids  in  the  surface. 

These  failures  in  the  bituminous  surface  are  a very  small  percentage 

of  the  failures  since  the  control  of  the  aggregates  and  bituminous  ma- 

terial are  watched  so  closely  that  little  difficulty  along  these  lines  is 
experienced  in  late  years. 

The  failures  due  to  subgrade  distortion  or  shifting  of  base  is  by 

far  the  greatest  cause  of  failure  in  low  type  bituminous  surfaces.  These 
failures  are  due  to  the  presence  of  moisture  in  the  roadbed,  this  moisture 
is  either  surface  or  underground  water.  Failures  in  the  surface  that  have 
been  caused  from  surface  water  are  the  more  easily  repaired  and  pro- 
tected from  a repetition.  If  the  base  has  been  badly  distorted  it  should 
be  restored  to  its  original  cross  section  by  scarifying  and  blading  and 
the  addition  of  aggregate  to  the  base  as  needed  and  the  mat  replaced 
and  a seal  coat  applied  to  the  surface.  The  shoulder  should  be  made 
as  nearly  waterproof  as  possible  and  the  side  ditches  kept  open  and 

clean  to  facilitate  a rapid  run-off. 

Failures  in  the  subgrade  or  base  of  the  road  due  to  underground 
water  are  the  greatest  source  of  trouble  both  in  numbers  and  in  difficulty 
to  correct.  If  the  source  of  the  water  can  be  found  and  trapped  it  is  an 
easy  matter  to  drain  it  away  from  the  roadbed.  If  the  source  of  the  water 
cannot  be  found  and  the  subsoil  is  so  heavy  that  it  will  not  free  the  water, 
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it  is  then  either  necessary  to  replace  the  subgrade  material  with  material  that 
will  free  its  moisture  or  build  up  a base  thick  enough  to  bridge  the  unstable 
soil  in  the  subgrade.  For  the  most  part  in  this  state  this  condition  has  oc- 
cured  in  small  areas  and  we  have  found  it  cheaper  to  build  up  a heavy  base 
and  bridge  the  unstable  soil  rather  than  to  undertake  its  replacement. 

SHOULDER  MAINTENANCE  OF  LOW  TYPE  BITUMINOUS  SURFACES 

(a)  There  has  been  some  discussion  in  the  past  as  to  whether  the 
shoulder  of  the  road  should  be  built  up  after  a low  type  bituminous 
surface  had  been  placed  and  in  this  state  a number  of  years  ago  several 
sections  were  left  as  constructed  without  building  up  the  shoulder  for 
a year.  This  did  not  seem  to  reduce  the  edge  failures  and  the  appear- 
ance of  the  section  was  not  as  good  as  those  sections  that  were  shoul- 
dered. The  edge  of  the  mat  was  exposed  and  required  considerable 
work  to  take  care  of  the  edge  ravel.  Since  then  all  low  type  surfaces 
have  been  shouldered  up  the  same  as  the  high  type  pavements.  The 
shoulders  on  low  type  pavements  are  maintained  the  same  as  on  higher 
type  pavements.  The  ruts  are  eliminated  by  dragging,  particular  atten- 
tion being  given  during  the  winter  and  spring  months,  and  every  effort 
is  made  to  keep  the  water  drained  away.  When  the  frost  is  leaving  the 
ground  in  the  spring  the  maintenance  men  roll  the  shoulders  with  their 
36-inch  width  patch  rollers.  These  are  pulled  behind  their  trucks  and 
will  give  a pressure  of  120  to  130  pounds  per  inch  of  width.  This  does 
a very  good  job  of  compaction  and  prevents  the  moisture  from  soften- 
ing the  shoulders  to  a very  great  depth.  A shoulder  slope  of  at  least 
y2"  per  foot  should  be  maintained. 

Our  maintenance  men  in  this  state  agree  that  intensive  shoulder 
work  in  the  winter  and  spring  months  reduces  the  amount  of  moisture 
that  might  reach  the  edge  of  the  mats  and  pays  large  dividends  during 
the  remainder  of  the  year. 

(b)  The  question  of  sealing  low  type  bituminous  surfaces  has  been 

a subject  of  much  discussion  in  this  state  and  it  is  my  belief  that  in 
the  great  majority  of  cases  a seal  is  economically  justified.  Where  a 
surface  is  dry  and  subject  to  raveling  or  open  enough  to  admit  surface 
water,  it  surely  needs  a seal  to  protect  it  and  the  seal  will  easily  pay 
for  itself  in  a few  years.  If  the  base  of  the  road  is  subject  to  ground 

water  and  wet  weather  seeps,  the  sealing  will  tend  to  hold  this  moisture 

and  in  time  will  cause  a bad  base  failure.  This  is  about  the  only  con- 
dition where  a seal  would  not  be  justified.  Until  one  is  sure  the  water 
is  trapped  and  draining  permanently  from  the  base  of  the  road,  a seal 
would  be  wasted. 

(c)  In  order  to  protect  the  edge  of  bituminous  surfaces  the  width 

of  roadway  primed  and  surfaced  has  been  increased  and  with  each  in- 

crease in  width  of  treated  surface  maintenance  work  along  the  edge  has 
decreased.  By  increasing  the  width  of  the  prime,  surface  moisture  has 
been  held  away  from  the  edge  of  the  mat.  The  entire  width  of  the 
shoulder  has  been  oiled  in  some  instances  and  the  effect  on  the  treated 
surface  has  been  quite  noticeable.  The  results  obtained  fi  om  shoulder 
oiling  has  justified  the  cost  and  this  type  of  work  will  undoubtedly  be 
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increased  in  the  future.  The  construction  of  the  bituminous  surface  the 
full  width  of  the  roadbed  would  create  a substantial  saving  in  main- 
tenance and  justify  the  additional  cost  in  time.  In  most  cases  a surface 
width  of  twenty-two  feet  with  the  shouJder  water-proofed  by  oiling  or 
an  armor  coat,  is  justified  easily  by  the  saving  in  maintenance 
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SECTION  V 


Round  Table 
Discussion 


Round  Table  Discussion 


CHAIRMAN,  F.  V,  RE  A GEL,  Engineer  of  Materials 
State  Highway  Department 
Jefferson  City,  Missouri 


Mr.  Reagel:  Gentlemen,  as  Mr.  McKinnon  said,  this  is  a round  table 

discussion  to  pick  up  the  loose  ends  and  to  ask  any 
questions  that  we  have  been  wanting  to  ask  that  we 
haven’t  had  time  for,  or  that  overlapped  in  the  program. 
I have  heard  some  statements  that  maybe  some  of  our 
scientists  were  shooting  a little  over  our  heads.  Maybe 
this  is  a point  where  we  can  discuss  the  A-B-C’s  as  well 
as  the  X-Y-Z’s. 

I have  a few  questions  that  have  been  handed  to  me 
by  the  various  chairmen,  of  points  that  they  do  not 
believe  have  been  discussed  sufficiently,  or  that  they 
did  not  have  time  for.  I will  bring  up  some  of  those, 
and  then  we  will  ask  for  subjects  from  the  floor. 

The  question  is  asked,  “Where  Proctor  compaction 
is  used,  what  technic  is  in  use  to  determine  the  density 
being  obtained  in  the  field?” 

Apparently  someone  desires  to  have  a brief  descrip- 
tion of  the  actual  technic  in  use.  I think  that  would 
be  very  well  in  order.  Do  we  have  someone  who  would 
like  to  volunteer  to  give  that  information? 
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: nassn^i  g;  • 

Wyoming 


N.  W.  McLeod: 

Saskatchewan 

Mr.  Reagel: 

J.  H.  Swanberg: 

Minnesota 


Mr.  Reagel: 


I.  E.  Russell: 

Wyoming 


jl  imagine  there  are  others  here  who  had  a great  deal 
more  experience  with  soil  compaction  than  we  have.  For 
the  past  two  years  we  have  been  watering  and  rolling 
onr  grades.  Onr  procedure  consists  of  taking  preliminary 
soil  samples  along  the  right-of-way  and  making  labora- 
tory determinations  of  optimum  moisture  and  optimum 
density.  Results  of  these  tests  are  returned  to  the  field 
engineer  to  serve  as  a guide  as  to  the  amount  of  mois- 
ture and  rolling  necessary  to  obtain  desired  densities.  We 
attempt  to  get  from  90  to  100  per  cent  of  optimum  density 
on  actual  construction.  During  actual  construction  density 
tests  are  frequently  made  as  the  fill  is  brought  up  to 
grade.  This  is  done  in  the  conventional  manner  by  digging 
a hole  in  the  grade,  weighing  the  soil  removed,  deter- 
mining the  contained  moisture  and  correcting  for  same. 
Volume  of  hole  is,  of  course,  determined  by  sand  of 
known  weight  per  cubic  foot. 

The  samples  of  soil  removed  in  making  field  density 
determinations  are  forwarded  to  the  laboratory.  Here 
optimum  density  determinations  are  again  made  and 
checked  against  those  obtained  in  the  field  so  as  to  be 
sure  sufficient  density  is  actually  being  obtained  on 
construction.  In  that  way  we  feel  that  we  are  approach- 
ing the  solution  of  this  problem  as  nearly  as  we  know 
how. 

I am  vitally  interested  in  this  subject  myself,  and 
I will  be  glad  to  have  someone  here  tell  us  more 
about  it. 

To  what  extent  is  the  Proctor  needle  used  in  getting  the 
results  of  this  compaction? 

Is  anyone  using  the  Proctor  needle  determination?  We 
don’t  use  it  extensively. 

We  have  been  using  it  in  getting  the  maximum  com- 
paction. As  Mr.  Russell  suggests,  we  have  made  determina- 
tions in  conjunction  with  our  Proctor  determinations.  It 
isn’t  a routine  procedure;  we  have  just  used  it  on  at 
least  two  jobs.  We  have  correlated  insofar  as  possible  the 
results  we  have  obtained  in  the  field  and  the  results  we 
have  obtained  by  compacting  that  material  at  optimum 
moisture  in  the  laboratory. 

In  this  connection  it  might  be  stated  that  discussion  yes- 
terday brought  out  that  the  limits  in  use  in  general 
seemed  to  vary  from  95  to  100  per  cent  in  the  specifica- 
tions. 

Has  anyone  else  anything  to  offer  in  this  connection? 

I got  off  on  the  wrong  foot  yesterday.  I thought  they 
were  talking  about  this  subject  and  they  really  were 
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Mr,  Reagel: 


J.  H.  Swanberg : 

Minnesota 


Mr.  Reagel: 


W.  H.  Wood: 

Texas 


I.  E.  Russell: 

Wyoming 


talking  about  bases.  Perhaps  some  of  you  remember  that 
I said  that  when  we  had  flat  curves  develop  in  the  labora- 
tory we  didn’t  attempt  to  go  to  the  full  100%  on  our 
compaction  in  the  field,  because  that  would  often  times 
take  a good  deal  more  water  than  we  felt  we  could  afford 
to  put  on  the  job.  Strange  as  it  may  seem,  we  are  paying 
as  high  as  $3.00  per  thousand  for  water,  and  when  you 
jump  from  a natural  water  content  of  6%  and  to  around 
20  or  22%  in  order  to  get  a few  more  pounds,  it  doesn’t 
seem  the  economical  thing  to  do. 

I would  like  to  have  an  expression  of  opinion  on  that 
from  some  of  you. 

As  I understand  your  question,  Mr.  Russell,  it  is  whether 
it  would  be  desirable  to  go  to  the  full  100%  at  an 
extra  cost  of  water,  or  would  it  be  better  to  take  the 
more  economical  action  and  be  satisfied  with  95%  com- 
paction wdiere  water  is  expensive.  Does  anyone  have  an 
opinion  ? 

The  only  thought  that  I would  have  in  that  connection 
is  that  we  have  found  in  some  laboratory  studies  follow- 
ing the  compaction  of  soils,  and  I assume  you  are  speak- 
ing of  soil  compaction,  where  we  have  compacted  those 
samples  at  optimum  moisture  content,  optimum  density, 
that  upon  subjecting  the  samples  to  alternate  freezing 
and  thawing  in  the  laboratory  we  have  reduced  ma- 
terially the  density  of  the  soil  samples.  If  that  is  ex- 
perienced in  the  field,  there  might  be  some  question  as 
to  whether  you  need  to  go  to  the  full  100%  compaction. 

Freezing  and  thawing  apparently  have  some  effect 
in  causing  bulking  of  the  material. 

I might  say  in  this  connection  that  the  Bureau  of  Public 
Roads,  in  connection  with  Mr.  Hogentogler ’s  work,  have 
classified  soils  into,  I believe,  at  least  three  groups,  one 
group  of  soils  which  would  contain  those  with  which  no 
particular  trouble  would  be  anticipated.  They  would  per- 
mit perhaps  as  low  as  90%  compaction.  Then  they  would 
have  a second  group,  poorer  quality  soils,  that  would 
require  95%  ; and  still  a third  group  that  they  would 
want  to  require  100%  on,  and  they  separate  the  groups 
by  a weight  per  cubic  foot  factor.  If  anyone  is  interested, 
he  might  check  on  that.  I believe  there  might  be  some 
logic  and  value  to  using  a differential  percentage,  de- 
pending upon  the  soil  that  is  found. 

I want  to  ask  Mr.  Russell  what  the  conventional  method 
is  for  measuring  the  volume  of  the  hole  from  which  the 
field  sample  was  taken.  Do  you  dry  the  sample  in 
the  field  and  get  the  dry  weight? 

Yes. 
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W.  H.  Wood: 

Texas 

Mr.  Reagel: 


J.  W.  Powers: 

Arizona 


Mr.  Reagel: 


In  connection  with  the  Proctor  needle,  I want  to  call 
attention  to  the  fact  that  when  you  run  into  solid  ma- 
terial, if  you  hit  a rock#  with  it,  it  will  blow  up. 

I might  say,  in  connection  with  the  use  of  sand  for  de- 
termining densities,  that  there  is  a conventional  little 
piece  of  equipment  that  consists  of  a fruit  jar  with  a 
screw  top  to  which  has  been  fixed  an  inverted  funnel, 
with  a stop-cock  closure,  and  this  fruit  jar  can  be  taken 
to  the  field  with  prepared  sand  and  you  simply  invert 
the  funnel  over  the  hole  and  turn  the  stop-cock,  which 
gives  a conventional  method  for  performing  that  test. 

Here  is  a companion  question:  “How  high  can  the 
plasticity  index  of  a soil  be,  and  still  get  satisfactory 
results  from  Proctor  compaction?”  Would  anyone  care 
to  venture  a maximum  limit?  That  is  a definite  question. 
Certainly  someone  has  a limit  beyond  which  he  would 
not  care  to  go.  Does  anyone  have  a specification  limit 
for  that  feature?  Do  you  have  that,  Mr.  Powers? 

It  seems  to  me  that  the  particular  question  could  only 
be  answered  in  one  way,  and  that  would  depend  upon 
the  percentage  of  material  minus  200.  You  might  have  a 
comparatively  high  plastic  index  and  have  a very  limited 
amount  of  minus  200  material  and  be  able  to  compact 
it  very  readily,  but  as  you  began  to  run  your  200  up, 
say  around  70,  80  or  90%,  I doubt  very  much  whether 
it  could  be  done.  I have  in  mind  soils  in  our  state  that 
I doubt  could  be  compacted  to  ultimate  density,  especial- 
ly those  that  run  from  75  to  90%  minus  200.  I don’t 
believe  the  moisture  content  that  would  be  necessary 
for  maximum  density  could  be  obtained  in  the  field 
without  excessive  cost,  and  I doubt  very  much  whether 
you  could  use  equipment  over  the  material  if  you  did 
have  it,  because  of  the  excessive  slipperiness  that  would 
develop.  I have  in  mind  a plastic  index  in  the  neigh- 
borhood of  35  to  50. 

That  is  a very  good  answer.  Does  anyone  else  care  to 
discuss  that  point? 

We  seem  to  have  a series  of  Proctor  questions  here. 
The  next  one:  “Is  the  Proctor  compaction  ever  used  for 
cuts  ? ’ ’ 

I might  say  in  that  connection  that  our  department 
in  Missouri  has  for  the  past  two  years,  at  least,  I be- 
lieve, made  a practice  of  using  Proctor  compaction  in 
cuts,  on  the  theory  that  it  is  better  to  have  a uniform 
condition  of  subgrade  through  a rock  cut  than  to  go 
from  one  type  of  support  to  another  and  perhaps  to 
vary  even  in  the  cut  in  the  degree  of  support. 

Has  anyone  else  had  any  experience  with  that  ? 
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J.  W.  Powers: 

Arizona 

Mr.  Reagel: 

J.  W.  Powers: 

Arizona 


Mr.  Reagel: 


0.  L.  Stokstad: 

Michigan 


Mr.  Reagel: 


This  isn’t  in  answer  to  the  question,  but  it  is  a question 
that  arises  in  my  mind  in  connection  with  compaction. 
Is  there  any  particular  piece  of  equipment  that  seems 
to  be  better  for  one  type  of  material,  or  that  can  be 
generally  used,  rather  than  any  other  type  of  equipment, 
for  the  purpose  of  obtaining  maximum  density,  whether 
it  be  a tandem  roller,  a three-wheeled  roller,  a rubber- 
tired  roller,  or  any  other  type  of  compaction  equipment  1 

Mr.  Powers,  do  you  refer  to  fill  compaction,  in  which  you 
probably  would  desire  to  use  the  sheep’s  foot  roller? 

That  is  the  question  I am  asking,  whether  the  sheep ’s 
foot  roller  is  better  than  possibly  the  rubber-tired  roller 
or  a flat-wheel  roller.  The  sheep’s  foot  roller  has  gained 
a lot  of  popularity  because  it  does  do  a good  job  of 
compaction.  However,  in  our  state  we  find  that  in  sandy 
and  gravelly  types  of  material  the  sheep’s  foot  roller 
is  a good  one  to  use  only  up  to  a certain  point,  be- 
cause it  imbeds  itself  in  the  material  and  keeps  pulling 
up  the  rock  and  it  is  necessary  to  finish  compaction 
with  some  other  type  of  roller  equipment. 

We  find  in  our  state  that  the  best  compaction  we 
can  get  is  by  the  use  of  the  rubber-tired  roller  in  sandy 
and  gravelly  types  of  material. 

We  have  made  quite  extensive  use  of  the  sheep’s  foot 
roller  and  I have  also  used  the  multiple-tired  pneumatic 
type  of  roller.  I believe  we  find  that  the  sheep’s  foot 
roller  would  do  the  initial  compaction,  starting  from  the 
bottom  upward,  better  than  the  multiple-tired  roller,  but 
that  during  the  later  stages  perhaps  the  rubber-tired 
roller  would  do  just  as  well. 

I noticed  at  the  last  Asphalt  Institute  meeting  the 
question  of  using  the  flat  sheep’s  foot  roller  on  sandy 
materials  was  brought  out,  I believe  by  Mr.  Weathers 
in  his  paper,  and  his  opinion  coincided  with  yours.  He 
brought  out  the  fact  that  in  connection  with  sandy 
material  it  was  rather  useless  to  attempt  to  use  a sheep’s 
foot,  and  that  some  other  type  of  roller  would  be  neces- 
sary. 

On  one  project  in  our  state  we  used  a roller  consisting 
of  a series  of  cast  iron  discs  that  served  very  well  in  the 
same  capacity  as  a sheep’s  foot  would.  It  had  the  ad- 
vantage of  leaving  a smoother  surface  than  a sheep’s 
foot.  I don’t  know  that  it  would  be  quite  as  good  as  a 
sheep’s  foot  in  compacting  the  lower  portion  of  the  layer 
to  be  compacted,  but  it  did  a very  nice  job  and  the  boys 
seemed  to  like  it  better  than  a sheep’s  foot. 

There  is  this  further  to  be  said  about  a sheep’s  foot 
roller,  I think.  We  have  noticed  in  connection  with  some 
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of  onr  work  on  finishing  compaction  with  the  sheep’s 
foot  roller  that  the  marks  of  the  sheep’s  foot  roller  per- 
sist at  the  surface,  and  under  certain  conditions  there 
is  a tendency  toward  lamination  at  that  point,  and  an 
attempt  has  been  made  to  overcome  that  by  putting 
a light  harrow  or  drag  of  some  sort  behind  the  roller  in 
the  latter  part  of  the  last  stage  of  the  rolling.  I believe 
there  is  some  merit  in  doing  something  of  that  kind. 

I would  like  to  ask  Mr.  Stokstad  if  he  could  give  us 
the  approximate  dimensions  of  the  disc  roller  he  speaks  of. 

I don’t  have  the  dimensions  nor  the  name  of  the  concern 
manufacturing  the  roller.  If  Professor  Housel  is  here,  he 
may  be  able  to  give  you  that  information. 

Just  approximate  dimensions.  What  do  you  have  on  the 
diameter  of  the  discs,  how  spaced,  how  thick,  and  so  on? 

From  a mental  picture  of  the  roller,  it  seems  the  discs 
were  about  three  feet  in  diameter,  with  a bearing  area 
about  an  inch  wide  and  a spacing  between  the  discs  of 
about  four  inches. 

We  have  done  some  work  in  our  state  with  field  rollers. 


You  were  talking  about  a disc  roller.  It  happens  to  be 
the  Parsons  roller,  manufactured  in  our  state.  We  have 
used  it  on  one  job.  The  discs  are  about  forty  inches  in 
diameter  and  about  two  inches  wide.  I am  just  making 
a guess  on  that;  I don’t  know. 

In  regard  to  the  sheep’s  foot  roller,  I think  that 
the  reason  we  are  getting  so  far  apart  in  our  opinions 
is  that  it  depends  on  whether  you  are  working  at  the 
critical  (or  the  optimum)  moisture  how  much  value 
you  get  out  of  the  sheep’s  foot  as  compared  with  the 
other  type  of  rollers.  If  you  are  trying  to  compact  almost 
any  of  these  materials,  excluding  the  sandy  soil  men- 
tioned by  Mr.  Powers,  and  trying  to  compact  within  a 
range  which  is  ordinarily  around  1.5%  of  variation,  it 
seems  to  me  that  the  sheep’s  foot,  through  observation, 
is  nearer  foolproof  than  any  other  type  of  roller. 

Also,  due  to  the  fact  that  particularly  on  batch-mixed 
base  material,  where  your  necessary  moisture  content  is 
generally  about  3%  above  your  optimum  and  you  need 
to  dry  back  to  the  high  optimum  before  you  start 
compaction,  if  you  used  the  other  type  of  rollers  you 
would  require  very  close  control  of  your  moisture  con- 
tent or  your  compaction  effort  would  be  lost.  The  sheep’s 
foot  will  come  nearer  detecting  the  optimum  moisture  of 
its  own  accord  than  any  other  type  of  roller.  Also  with 
the  other  type  of  rollers,  if  the  moisture  content  is  ex- 
cessive, the  surface  is  sealed  and  the  excess  moisture  can- 
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not  escape,  and  if  the  moisture  content  is  below  optimum, 
compaction  is  difficult  to  attain.  So,  from  my  observa- 
tion to  date,  it  would  seem  that  for  general  use  probably 
the  sheep’s  foot  has  a good  many  advantages. 

The  disc  roller  that  you  were  speaking  about  comes 
in  the  same  category  from  that  standpoint  as  your  other 
rollers,  because  it  likewise  is  sealing  in  the  excess  mois- 
ture. Otherwise  it  is  a good  roller.  If  you  are  working 
within  a narrow  range  of  optimum  moisture,  it  seems  the 
sheep’s  foot  has  less  chance  to  get  you  into  trouble  than 
any  other  type. 

The  sheep’s  foot  roller  is  made  with  a number  of  types 
of  shoes  or  barefoot,  or  however  you  want  to  express 
it.  Has  anyone  any  experience  with  using  a variety  of 
sizes  of  shoes  or  using  the  roller  without  the  shoes,  and 
if  so,  have  they  any  recommendations  to  make  to  the 
rest  of  us  as  to  which  is  preferable  for  this  type  of  work? 
The  protrusions  that  tend  to  get  smaller  at  the  ends,  or 
those  that  are  square,  or  those  that  have  definite  shoes 
on  the  ends — does  anyone  have  any  opinions  in  connec- 
tion with  their  use? 

In  the  last  issue  of  the  American  Road  Builders’  As- 
sociation proceedings  there  is  an  article  by  Hogentogler, 
of  the  Bureau  of  Public  Roads,  showing  varying  densities 
at  varying  moisture  contents  with  varying  compaction  pres- 
sures indicating  that  varying  densities  could  be  obtained 
by  increasing  the  weight  of  the  sheep’s  foot  tampers. 

Did  he  make  a comparison  between  different  types  of 
feet  on  the  sheep’s  foot  roller? 

Not  as  I recall,  but  I believe  practically  all  the  rollers 
made  now  have  about  the  same  size  feet,  about  seven 
square  inches. 

Perhaps  I may  be  able  to  shed  just  a little  light  on  that 
point.  Last  winter  at  the  soils  school  in  Washington, 
D.  C.  it  was  brought  out  that  there  is  no  method  of 
pre-determining  the  weight  per  square  inch  required  for 
the  sheep’s  foot  roller  to  secure  the  Proctor  density  upon 
walking  out.  Of  course  the  ideal  condition  is  to  use  a 
pressure  per  square  inch  which  will  assure  the  desired 
density  when  the  roller  has  walked  out.  However,  there 
is  no  way  in  the  world  to  determine  whether  you  want 
the  10.5  square  inch  foot  or  the  7.5  square  inch  foot, 
or  whether  you  need  smaller  or  larger  feet,  if  you  want 
to  get  a specified  compaction  when  you  have  walked  out. 

With  regard  to  the  indentations  left  on  the  surface, 
we  have  had  pretty  good  luck  so  far,  (I  am  not  saying 
we  won’t  come  to  grief  before  we  are  through),  by 
stopping  the  rolling  with  the  feet  about  an  inch  from  the 
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surface,  mulching  that,  and  then  using  the  pneumatic  and 
steel  roller  for  the  final  rolling.  I won’t  presume  to  say 
this  method  will  work  all  the  time,  but  it  has  been 
successful  so  far. 

Does  anyone  else  have  anything  to  offer  in  that  connec- 
tion? 

In  that  connection,  speaking  of  the  possible  densifica- 
tion  of  materials,  there  was  an  article  that  appeared  in 
Engineering  News  Record  some  time  in  the  past,  I don’t 
remember  when,  in  which  they  intimated  (and  probably 
had  data  to  support)  that  you  got  more  compaction 
from  the  vibration  of  the  Caterpillar  pulling  the  roller 
than  you  did  from  the  sheep’s  foot  roller  itself.  That 
may  be  the  reason  you  can’t  pre-determine  the  densifica- 
tion  you  are  going  to  expect  by  the  weight  of  the  roller. 
I don’t  know  whether  there  is  anybody  who  has  ever 
studied  that.  That  isn’t  my  thought;  it  is  merely  informa- 
tion that  has  been  developed  from,  I presume,  some- 
body’s experience. 

If  there  is  no  further  discussion  in  that  connection,  we 
have  this  question:  “In  view  of  Professor  Housel’s  sug- 
gestion that  the  mat  fails  before  the  subgrade  bearing 
capacity  is  developed,  are  well-graded  mats,  uncemented, 
to  be  preferred  for  thin  mats  to  those  which  are  well 
cemented  by  clay  and  Portland  cement?” 

It  simmers  down  to,  “Do  you  prefer  uncemented 
mats  in  the  case  of  thin  mats,  or  tightly  bound  mats?” 
Does  anyone  have  an  opinion  on  that? 

I might  continue  my  discussion  of  the  first  day  when 
I talked  on  this  subject.  I see  Professor  Housel  just  came 
in,  and  he  can  talk  on  it  also.  I think  a lot  of  this 
question  of  the  proper  thickness  and  type  of  base  is  tied 
up  with  the  type  of  mat.  I assume  in  this  question  that 
where  he  talks  about  an  uncemented  mat  for  a thin  mat 
he  means  an  uncemented  base  course  under  a thin  bitumi- 
nous mat.  That  is  what  I would  take  from  the  question. 

It  seems  to  me  that  a great  deal  of  the  differences 
of  opinion  the  other  day  came  about  in  this  way:  For 
example,  we  had  the  Iowa  people  commenting  that  they 
had  thin  mats  on  stabilized  base  courses  and  that  they 
were  quite  successful,  didn’t  have  any  cracking  or  evi- 
dence of  over-design.  I think  I know  why.  They  have 
a very  well  balanced  design.  It  is  truly  a stabilized  base 
with  a balance  between  the  various  components,  which 
has  a relatively  high  strength. 

Out  of  the  Rocky  Mountain  States,  as  Mr.  Powers 
describes  his  conditions,  he  has  a natural  soil  mat.  It 
isn’t  stabilized,  intentionally.  The  natural  gradation  of 


—584— 


Mr.  Reagel: 


N.  W.  McLeod: 

Saskatchewan 


the  base  course  is  fairly  good  and  you  get  excellent 
bearing  power,  but  probably  per  inch  of  thickness  you 
have  less  bearing  strength.  You  probably  need  for  the 
same  conditions,  which  must  always  be  kept  in  mind, 
a little  thicker  mat  of  that  kind.  Therefore  you  might 
have  a more  rigid  base  there ; whereas,  in  Iowa  they 
might  have  a fairly  flexible  base,  excellent  in  load  carry- 
ing ability,  and  therefore  the  thin  mat  is  all  that  is 
needed  on  top  of  it  to  give  a total  bearing  structure 
which  is  both  flexible  and  strong.  Under  some  other  condi- 
tions we  might  have  to  go  to  very  thick  base  courses 
if  we  had  thin  mats,  and  the  total  resultant  structure 
would  be  very  rigid  and  would  not  utilize  the  available 
strength  of  the  subgrade. 

I think,  in  considering  thin  versus  thick  foundation 
courses  and  thin  versus  thick  mats,  the  type  of  both 
the  mat  and  the  foundation  course  should  be  kept  in 
mind. 

It  occurs  to  me,  when  the  gentleman  includes  Portland 
cement  in  his  question  with  regard  to  thin  bases,  that 
certainly  we  wouldn’t  want  to  take  a very  thin  mat  using 
Portland  cement  as  a binder.  I am  thinking  of  the  pos- 
sibility of  salvaging  that  mat  in  case  it  was  too  thin.  The 

way  I would  think  of  that  is  that  if  we  are  going  to 

design  a rigid  slab  base,  we  had  better  design  it  to 

start  with,  with  an  ample  factor  of  safety,  because 
if  it  goes  to  pieces  on  us  it  is  going  to  be  something 
else  again  when  we  try  to  do  something  with  it,  whereas 
with  the  more  flexible  type,  if  it  is  too  thin  it  simply 
might  be  a matter  of  concern  only  temporarily,  because 
we  can  come  along  and  add  thickness. 

I don’t  know  whether  that  gets  at  the  meat  of  the 
question  in  mind  or  not. 

On  Tuesday,  Professor  Housel  stated  that  stabilized  or 

consolidated  gravel  base  courses  may  have  to  carry  in 
shear,  the  whole  of  an  applied  wheel  load,  because  their 
rigidity  is  frequently  such  that  the  small  amount  of  de- 
flection causing  their  failure  is  not  sufficient  to  develop 
the  bearing  capacity  of  the  subgrade  beneath. 

The  subgrade  bearing  capacity  is  frequently,  pos- 
sibly usually,  of  the  same  order  of  magnitude  as  the 
punching  shear  of  the  base  course,  and  is  usually  worth 
while  developing  in  the  interest  of  base  course  economy. 

This  would  appear  to  be  a strong  argument  in  favor 
of  the  densification  of  particularly  the  upper  layers 
of  the  soil  subgrade  by  Proctor  technique,  etc.,  in  order 
to  reduce  the  amount  of  deflection  required  to  fully 
develop  the  subgrade  bearing  capacity. 
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It  is  possible  that  Mr.  Stoddard’s  reported  success 
with  rigid  stabilized  gravel  bases  in  Iowrn  may  be  due 
to  such  densification  of  the  subgrade,  intentional  or 
otherwise,  with  the  result  that  the  base  course  and  sub- 
grade are  behaving  as  a unit  in  developing  reaction  to 
the  applied  load. 

Where  such  subgrade  densification  is  not  practically 
possible,  as  Professor  Housel  pointed  out  on  Tuesday, 
either  the  base  course  must  be  constructed  sufficiently 
thick  to  carry  the  whole  of  the  applied  wheel  load  in 
punching  shear,  or  sufficient  flexibility  must  be  intro- 
duced into  the  base  course  itself  so  that  the  deflection 
of  the  base  course  at  failure,  or  preferably  before  a 
failure,  is  sufficient  to  develop  the  full  bearing  capacity 
of  the  subgrade  in  its  natural  condition. 

In  connection  with  the  rigidity  of  base  courses,  there 
are  some  points  I would  very  much  appreciate  having 
Professor  Housel  discuss. 

There  would  seem  to  be  the  possibility  when  a well- 
cemented  clay  stabilized  gravel  base  fails  due  to  punch- 
ing shear,  that  it  would  be  divided  into  a layer  of  un- 
joined blocks,  which  would  have  at  least  some  tendency 
to  transmit  the  full  applied  wheel  load  to  the  subgrade 
practically  undiminislied,  just  as  an  equivalent  layer  of 
loose  bricks  might.  On  the  other  hand,  when  a consoli- 
dated gravel  base  fails,  there  could  still  be  a very 
considerable  lateral  distribution  of  load  in  line  with 
Professor  Housel ’s  arch  theory  of  the  stability  of  granular 
materials. 

Take  the  case  of  two  base  courses  of  the  same 
thickness  over  the  same  subgrade,  one  base  course  of 
clay  stabilized  gravel,  the  other  of  consolidated  gravel, 
each  base  course  being  too  rigid  to  develop  before  its 
failure,  any  subgrade  reaction  from  the  given  subgrade. 
Now  consider  the  result  of  applying  a wheel  load  just 
sufficient  to  cause  failure  of  each  base  course.  The  con- 
solidated gravel  base  upon  failure  comes  into  contact 
with  the  subgrade,  and  under  the  applied  load  will  de- 
velop the  full  subgrade  reaction.  Is  there  not  the  pos- 
sibility that  the  new  combination  of  developed  subgrade 
bearing  capacity  plus  the  punching  shear,  which  re- 
mains in  a consolidated  gravel  base  due  to  arching 
action  even  after  so-called  failure  occurs,  may  provide 
more  than  sufficient  reaction  to  the  applied  load  for 
equilibrium  conditions,  even  though  this  was  not  possible 
for  the  original  rigid  consolidated  gravel  base?  This 
would  seem  particularly  possible  where  some  kind  of 
bituminous  wearing  course  existed  to  provide  a confin- 
ing influence.  It  would  seem  that  this  might  not  be 
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possible  for  the  clay  stabilized  base,  where  failure  into 
blocks  might  transmit  the  load  undiminished  to  the 
subgrade. 

Also  which  do  you  consider  to  be  the  more  flexible 
of  these  two  types  of  base  for  any  given  thickness,  and 
quantitatively,  how  much  deflection  would  you  expect 
each  of  these  bases  to  show  before  failure  for  say  a 
five  or  six-inch  base  course  and  a bearing  area  twelve 
inches  in  diameter?  I would  very  much  appreciate  having 
Professor  Housel  discuss  these  points  if  he  would  kindly 
do  so. 

Mr.  McLeod  brings  up  several  interesting  points  in  his 
discussion  which  serve  to  emphasize  important  considera- 
tions in  the  success  of  low-cost  road  surfaces.  In  the  first 
place,  the  densification  of  the  soil  subgrade  appears  to 
be  particularly  promising  and,  incidentally,  is  a pos- 
sibility which  has  been  generally  overlooked  in  the  past. 
Load  tests  conducted  by  the  Michigan  State  Highway 
Department  on  a so-called  flexible  surface  have  indicated 
a marked  deviation  in  the  rigidity  of  the  road  surface  as 
compared  to  the  rigidity  of  the  subgrade.  If  this  is  gen- 
erally true  it  may  be  necessary  to  increase  the  rigidity 
of  the  subgrade  in  order  to  effect  any  considerable 
economy  in  the  thickness  of  the  stabilized  base  and 
surface.  As  Mr.  McLeod  has  stated,  if  it  is  not  possible 
to  produce  the  subgrade  rigidity  comparable  to  that 
of  the  superimposed  surface  it  may  be  necessary  to  pro- 
vide a surface  thick  enough  to  carry  the  entire  applied 
load  in  punching  shear,  more  or  less  discounting  sub- 
grade bearing  capacity  as  an  effective  part  of  the  sup- 
porting capacity. 

The  other  alternative  is  to  incorporate  proper  degree 
of  flexibility  in  the  road  surface  itself  so  that  it  may 
deflect  in  such  a way  as  to  develop  the  subgrade  bear- 
ing capacity  before  or  at  least  in  conjunction  with  the 
distributing  action  of  the  surface.  Mr.  McLeod’s  re- 
marks in  this  respect  deal  wuth  two  possibilities,  a con- 
solidated gravel  base  with  very  little  if  any  cohesion, 
and  the  stabilized  gravel  base  to  which  binder  is  added 
to  furnish  cohesion.  It  is  possible  that  a consolidated 
gravel  which  allows  some  degree  of  movement  of  the 
individual  particles  may  be  the  more  flexible  of  the 
two  types.  It  appears  that  this  type  of  flexibility  would 
have  to  be  rather  carefully  controlled  because  if  the 
relative  movement  of  the  individual  particles  was  suf- 
ficient to  result  in  some  rearrangement  of  the  particles, 
the  probability  would  be  that  the  base  course  would 
gradually  become  less  and  less  stable  as  time  goes  on. 

In  the  case  of  the  stabilized  base,  while  it  may 
break  up  into  blocks,  the  relative  movement  of  these 
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blocks  would  provide  some  degree  of  flexibility  and  at 
the  same  time  retain  some  interlocking  along  the  frac- 
tured faces  which  would  be  capable  of  developing  shear 
providing  the  blocks  were  not  displaced  horizontally  so 
as  to  destroy  the  interlock.  It  is  possible  that  this  type 
of  base  would  be  the  more  permanently  satisfactory.  It 
seems  to  me  that  the  most  desirable  type  of  surface  to 
perform  the  function  of  distributing  the  load  and  at 
the  same  time  have  considerable  flexibility,  would  be  that 
in  which  the  binder  were  semi-fluid  material  such  as 
bitumen  having  a considerable  amount  of  ductility  in 
itself. 

This  brings  up  a point  that  has  been  mentioned  in 
other  discussions  regarding  the  importance  of  ductility 
as  a property  of  bituminous  binding  materials.  There 
has  been  a tendency  to  discount  ductility  as  an  important 
property  in  this  connection.  It  seems  to  me  that  flexibility 
which  appears  to  be  an  important  and  desirable  feature 
of  low-cost  surfaces  may  be  to  a certain  extent  a func- 
tion of  ductility  of  the  binding  medium  used. 

In  summing  up  my  discussion  of  the  question  which 
Mr.  McLeod  has  brought  up,  I would  say  that  it  is  dif- 
ficult to  determine  which  of  the  two  types  of  base  he 
mentioned  would  be  the  more  flexible  and  at  the  same 
time  durable.  In  order  to  determine  this  it  will  be  neces- 
sary to  have  much  more  experimental  data  on  the  load 
carrying  capacity  of  such  surfaces  and  the  deflections 
of  these  surfaces  under  load.  Without  any  more  informa- 
tion than  is  available  at  the  present  time  I believe  that 
I would  favor  the  stabilized  gravel  base  which  broke 
up  into  blocks  but  may  still  retain  some  interlocking 
across  the  fractured  faces  over  the  consolidated  gravel 
base  which  it  appears  to  me  might  deteriorate  much  more 
rapidly.  It  is  my  present  feeling  that  the  most  promising 
method  of  regulating  the  relative  rigidity  of  road  surface 
and  subgrade  is  that  first  suggested  by  Mr.  McLeod 
of  densification  of  the  subgrade  soil  as  the  first  step 
in  construction  of  the  low  cost  road  surface. 

I think  I have  a case  in  point  there  which  will  more 
or  less  illustrate  what  happened  to  us.  We  ultilized 
in  Arizona,  particularly  in  the  northern  areas,  a material 
we  call  cinders,  which  is  a volcanic  material  with  very 
low  P.  I.  and  comparatively  low  binding  power.  We 
placed  six  inches  of  this  material  on  one  of  the  roads 
which  had  a subgrade  that  was  probably  A-7  type  with 
somewhere  in  the  neighborhood  of  50%  to  70%  minus 
200.  The  six  inches  that  were  placed  on  there  would 
not  stay  in  place  at  all.  In  other  words,  the  flexure  of 
the  base  when  it  became  wet  caused  a disturbance 
of  the  internal  structure  of  this  material,  and  all  you 
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could  do  was  keep  blading  it  off  and,  as  it  broke,  keep 
blading  it,  until  finally  you  got  down  practically  to  the 
subgrade. 

It  was  our  opinion  at  the  time  that  if  you  increased 
the  base  thickness  to  somewhere  in  the  neighborhood 
of  twelve  or  fourteen  inches  it  wTould  stay  in  place  and 
you  would  not  get  the  movement  underneath  which 
continually  broke  the  bond.  So  it  was  tried,  and  since 
they  have  put  this  twelve  or  fourteen  inches  on  there 
(it  was  supposed  originally  to  be  twelve  but  it  ranges 
from  twelve  to  as  high  as  fifteen  inches)  that  material 
has  stayed  in  the  roadway  and  has  made  a very  satis- 
factory road  without  breaking  up,  so  that  you  have 
probably  done  what  Professor  Housel  said.  You  have 
increased  the  rigidity  of  your  base  and  you  are  not 
transmitting  the  load  to  the  subgrade,  and  as  a conse- 
quence it  stays  in  place. 

We  based  our  opinion  that  it  would  do  that  upon  the 
fact  that  there  was  a change  in  subgrade  type  within 
a comparatively  short  distance  of  where  it  was  so  very 
bad,  and  that  particular  material  was  disintegrated  sand- 
stone which  has  comparatively  low  P.  I.  and  compara- 
tively high  breaking  value,  and  when  it  was  originally 
put  on  the  only  piece  that  was  good  in  the  road  was 
where  you  had  the  disintegrated  sandstone  underlying  it. 

Does  anyone  else  care  to  add  to  this  subject? 

I don’t  want  to  direct  this  discussion  by  questions 
to  the  point  of  excluding  any  questions  you  folks  have. 

I have  another  question:  “What  are  the  various  states 
using  in  the  way  of  soil  classification  independent  of 
the  Bureau  of  Public  Roads  classification  of  eight 
groups?” 

That  comes  into  the  discussion  that  was  had  here 
the  other  day,  the  point,  as  I get  it,  being  whether 
any  of  us  are  using  a different  classification. 

Michigan  uses  a system  of  soil  classification  which  differs 
from  the  groupings  as  developed  by  the  Bureau  of 
Public  Roads. 

Soil  surveys  were  started  in  1925  before  the  eight 
groups  had  been  established,  and  at  that  time  the  only 
classification  available  was  the  one  developed  in  the  science 
of  pedology.  The  pedological  system  was,  therefore, 
adapted  to  highway  requirements  and  the  success  of 
the  adaptation  warrants  continued  use  of  the  system. 

I would  say  that  in  Missouri  we  have  just  decided  to 
utilize  a soil  survey  in  connection  with  each  of  our  proj- 
ects, and  we  have  been  making  some  comparisons  with 
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the  work  of  other  states  to  arrive  at  just  what  is  the 
best  procedure  of  working  up  that  information,  and  we 
have  concluded  to  try  to  use  some  more  descriptive 
terms  for  our  soils  than  just  the  numerical  designa- 
tions, with  the  thought  that  perhaps  we  can  get  our 
engineers  familiar  with  the  materials  a little  better  than 
if  we  just  used  a numbered  classification. 

Are  there  any  other  offers  on  that? 

Another  question:  “What  is  the  place  of  positive 
and  negative  spot  bituminous  material  in  bituminous 
mats?” 

I don’t  know  just  what  the  intent  of  that  question 
is.  I assume  that  it  is  an  effort  to  find  out  whether 
both  positive  and  negative  spot  materials  are  being  used, 
and  whether  or  not  they  are  being  used  satisfactorily. 
I might  say  that  so  far  as  we  are  concerned,  we  use 
positive  spot  materials  practically  entirely  in  the  case 
of  SC  mats.  We  differentiate  between  the  two  materials 
when  we  start  using  a material  that  we  desire  to  act 
as  a positive  binder,  such  as  the  cutbacks.  We  start 
requiring  a negative  spot  with  the  medium  and  rapid  cur- 
ing cutbacks.  With  the  slow  curing  cutbacks  where  we 
don’t  expect  to  procure  a positive  bond  from  a residue 
we  permit  the  use  of  positive  spot  materials,  and  since 
they  are  more  economical  in  price  we  get  practically 
all  of  the  materials  negative  spot  in  the  SC  grades. 

Does  anyone  wish  to  discuss  that? 

If  no  one  cares  to  discuss  that  question,  the  next 
question  is,  “What  has  been  the  experience  of  various 
states  concerning  the  use  of  powdered  asphalt  and  flux 
oil?” 

I might  say  we  have  one  project  about  six  or  eight 
miles  long  which  we  laid  about  three  or  four  years 
ago,  a plant  mix  using  a flux  oil  with  powdered  asphalt. 
The  road  has  been,  I would  say,  very  satisfactory,  but 
the  cost  of  it  is  higher  because  of  the  greater  percentage 
of  bituminous  material  used  than  if  we  had  used  either 
tar  or  cutback.  The  sum  of  the  oil  and  powdered  asphalt 
is  possibly  a per  cent  higher  than  we  would  normally 
use  in  using  an  MC-4.  The  results  have  been  quite  satis- 
factory. 

I might  say  that  we  have  used  powdered  asphalt  in 
patching  mixtures,  mixed  with  SC  material.  The  results 
so  far  have  been  very  good.  I felt  for  some  time  the 
desirability  of  having  a little  more  asphalt  in  an  SC 
patching  mixture  in  order  to  give  a little  more  stability 
to  the  patch  after  it  is  laid  and  rolled  down.  We  use 
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We  have  SC  mats,  using  cracked  materials,  in  which  we 
have  incorporated  varying  percentages  of  powder  rang- 
ing from  ten  to  twenty  or  twenty-five  per  cent  powder, 
and  we  believe  we  find  a benefit  from  the  use  of  from  10 
to  15  per  cent  powder.  I believe  we  get  our  money’s 
worth  from  that  incorporation. 

We  find  no  additional  benefit  from  20  per  cent  as 
against  15  per  cent,  or  some  such  percentage. 

I also  believe  it  is  desirable  to  pay  some  attention 
to  the  compatibility  of  the  flux  and  the  powder,  if  you 
are  going  to  use  powder.  Some  materials  would  not 
satisfactorily  combine. 

The  next  question  is:  “When  failures  occur  in  bi- 
tuminous mats  which  cannot  be  blamed  on  the  sub- 
grade, what  factors  are  chiefly  responsible  for  the  fail- 
ures?” That  is  a good  one. 

It  seems  to  me  that  that  question  is  a rather  broad  one, 
but  it  would  depend  in  many  cases  upon  what  would  be 
considered  a failure.  In  other  words,  you  would  have  to 
define  the  word  “failure”  before  you  could  answer  the 
question. 

We  might  simmer  that  down  to,  “Assuming  we  do  not 
have  subgrade  failures,  what  are  our  major  troubles  with 
mats  ? ’ ’ 

I thought  that  was  a pretty  good  question,  because  some- 
times I don’t  think  the  troubles  are  analyzed,  and  just  to 
sort  of  start  the  ball  rolling  I would  say  there  are  two 
major  troubles.  First,  lean  mixes.  I believe  that  is  prob- 
ably the  biggest  trouble  nowadays,  the  tendency  to  go 
to  such  lean  mixes  which  later  on  ravel  or  cause  trouble. 
We  have  had  trouble  in  the  past  with  rich  mixes,  so  the 
tendency  has  swung  back.  I don’t  mean  by  that  that  I 
am  opposed  to  staying  below  the  tolerance,  but  I do 
believe  that  is  a more  common  trouble  than  almost  any- 
thing else. 

The  other  trouble  is  water  trouble.  With  the  ad- 
vent of  the  use  of  cut-backs  we  got  away  from  most  of 
the  water  troubles.  It  used  to  be  that  with  nothing  but 
SC  oils  you  had  to  watch  water  all  the  time.  We  got 
away  from  that  by  going  to  cut-backs.  Where  the  SC’s 
are  still  used  they  generally  go  to  the  lean  side  and 
sacrifice  ultimate  durability  to  get  away  from  water.  There 
is  still  quite  a lot  of  water  trouble  which  isn’t  recognized 
as  such,  and  I think  this  is  a good  place  to  comment 
on  it. 
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For  instance,  on  an  MC  mat  I have  seen  cases  of 
MC  mats  pushing  and  failing  when  the  failure  was 
blamed  on  excess  oil,  when  actually  it  was  water.  You 
could  always  tell  it  because  the  MC  had  not  set  up  in 
that  particular  mat.  If  they  would  scarify  and  dig  up 
the  mat  (they  are  a little  hard  to  dry  out),  when  it  dries 
out  it  immediately  goes  down  and  is  quite  satisfactory. 
I believe  lean  mats  and  water  trouble  are  still  the  princi- 
pal causes  of  failure.  There  are  other  troubles,  but  these 
are  the  outstanding  ones. 

Does  anyone  else  have  any  troubles?  What  would  you 
expect  to  happen,  Mr.  Nevitt,  if  you  had  5 per  cent  of 
free  water  in  an  aggregate  and  you  attempted  to  add  5 
per  cent  of  SC  oil?  What  would  be  the  ultimate  out- 
come ? 

I think  it  depends  a lot  on  your  conditions.  I think  this 
question  of  water  troubles  is  one  that  hasn’t  been  studied 
as  much  by  bituminous  engineers  as  it  might  have  been. 
We  rather  ducked  the  issue  by  going  to  the  cut-backs, 
but  about  ten  years  ago  when  we  weren’t  doing  any- 
thing but  SC  oil  work,  practically,  I am  thinking  of  the 
Rocky  Mountains  at  that  time,  because  there  is  where 
they  were  doing  most  of  the  work  with  which  I am  fa- 
miliar, we  were  getting  a great  deal  of  water  trouble. 

The  Materials  Engineer  of  Idaho  at  that  time  did  a 
great  deal  of  studying  of  failures,  particularly  pushing 
and  shoving,  and  he  came  to  the  conclusion  that  every 
case  he  had  was  due  to  water,  even  though  in  many  cases 
excess  oil  was  blamed.  Ordinarily,  when  you  have  water 
and  oil  together,  there  is  enough  colloidal  clay  available, 
or  in  the  mixture,  to  cause  emulsification.  You  immedi- 
ately get  a mixture  which  looks  just  like  oil,  only  it 
tends  to  be  more  viscous.  You  put  that  down  and  you 
have  an  excess  binder.  The  binder  is  not  excess  oil; 
it  is  excess  emulsion,  which  doesn’t  break  because  it  has 
been  made  in  place  and  is  not  a breaking  type.  As  soon 
as  you  get  warm  weather  you  are  almost  certain  to  have 
corrugating,  bleeding,  shoving,  depending  on  the  per- 
centage of  water  and  oil,  so  ordinarily  I would  say  in 
your  condition  you  would  have  considerable  trouble  with 
bleeding,  possibly  immediately;  certainly  by  the  follow- 
ing season,  if  there  were  any  hot  spells. 

Occasionally  with  cut-backs  you  can  mix  your  wet 
aggregate  and  not  get  emulsification.  The  solvent,  in  the 
drying  of  the  material,  if  you  give  it  aeration,  carries  the 
moisture  with  it.  That  was  brought  out  in  North  and 
South  Carolina  practice,  described  here  in  the  last  day 
or  two.  I have  seen  a number  of  cases  of  that.  That  is 
one  reason  I say  you  get  fewer  water  troubles  with 
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cut-backs,  but  occasionally  you  will  get  the  emulsification 
previous  to  the  aeration  of  the  solvent,  and  either  the 
globules  of  the  asphalt  in  the  water  mixture  prevent 
the  evaporation  of  the  solvent  or,  if  you  have  the  re- 
verse emulsion  the  globules  of  water  in  the  asphalt  mix- 
ture prevent  the  evaporation  of  the  water  and  you  do 
not  get  your  drying  action,  and  you  will  have  later 
trouble  which  can  be  cured,  generally,  by  further  aera- 
tion, because  it  will  finally  dry  out. 

I would  like  to  check  you  on  that  except  that  we  found 
that  the  final  action,  then,  is  a mat  that  is  apparently 
too  dry.  In  other  words,  the  greater  evaporation  of 
moisture  leaves  a rich  mat  on  top  and  a lean  one  be- 
low, and  the  claim  is  that  we  have  too  lean  a mat. 

I would  check  you  100%  on  that.  When  you  get  emulsifi- 
cation, the  engineer  thinks  he  has  a rich  mix.  Or,  if  you 
have  a suitable  mix,  the  total  volume  of  emulsified  oil 
and  water  is  such  that  the  mix  won’t  tolerate  it  and  it 
will  travel  away,  either  by  bleeding  and  being  carried  off 
by  traffic,  or  it  will  migrate  through  the  subgrade.  It 
will  get  away  because  it  is  an  excess,  and  when  you 
later  lose  your  moisture  you  are  back  to  a lean  mat,  just 
as  you  say. 

Are  there  any  other  questions  on  that  point?  I have 
another  question:  “What  should  the  solvent  content  of 
mixes  be  at  the  time  of  laying  the  mat?” 

I believe  Mr.  Davis  of  Texas  answered  that  from 
the  platform  yesterday.  The  statement  he  made  was  that 
they  should  be  entirely  free  of  the  solvent  if  possible, 
but  that  the  mat  could  not  be  laid  in  that  condition 

so  the  next  best  answer  was  to  have  as  little  of  the 
solvent  left  as  possible.  Does  anyone  care  to  discuss 
that  question  further? 

I don’t  like  to  talk  too  much,  but  I would  like  to  enter 
a contrary  opinion  there.  I think  you  want  to  get  suf- 
ficient solvent  out  to  have  a mixture  which  has  suf- 
ficient stability  to  carry  the  immediate  traffic.  The  amount 
of  solvent  that  you  have  to  get  out  to  do  that  is  de- 
pendent, of  course,  upon  the  aggregate,  the  bituminous 
material  used,  and  all  the  other  factors  on  the  job. 

The  Nebraska  people  report  that  in  most  of  their 

work  50%  of  the  solvent  going  out  gives  them  a suf- 
ficient amount,  and  they  control  their  jobs  on  the  basis 

of  the  solvent  going  out.  In  discussing  it  with  them 
they  maintain  that  that  is  a more  satisfactory  control 
for  their  aggregates,  which  are  very  much  alike,  I under- 
stand, than  a field  stability  test.  I don’t  know;  I am  not 
sufficiently  versed  in  stability  tests  and  the  possibility 
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of  making  field  tests  to  know  whether  yon  could  control 
your  stability  by  a field  stability  figure  and  let  that 
be  a measure  of  the  solvent  removal,  or  whether  you 
do  as  Nebraska  does,  actually  test  the  solvent  that  is 
going  out;  but  I don’t  believe  you  want  any  more  solvent 
out  at  the  time  of  laying  down  than  is  necessary  to 
make  sure  of  stability.  I don’t  believe  you  want  all 
of  the  possible  solvent  out,  althought  I am  not  saying 
you  should  deliberately  try  to  keep  too  much  in.  I think 
our  bituminous  roads  are  improved  by  a kneading  ac- 
tion under  traffic,  when  the  particles  still  have  enough 
freedom  of  movement  to  compact  and  give  you  a better 
density  while  the  solvent  is  going  out. 

I believe  that  is  one  of  the  original  reasons  that  the 
MC  type  was  developed  in  addition  to  the  RC,  that  it 
gave  you  a period  of  setting  up  in  which  time  your 
mix  was  sufficiently  stable  to  not  shove  or  rut  under 
traffic  due  to  too  thin  a liquid  binder,  and  yet  gave  you 
some  flexibility  and  a chance  to  adjust  itself  to  internal 
movement  and  develop  a more  dense  mixture  under  the 
action  of  traffic  before  your  final  set-up. 

I think  perhaps  Mr.  Davis  was  thinking  of  the  very  com- 
mon trouble  with  which  most  of  us  are  familiar,  that 
of  trapping  too  much  volatile  in,  which  results  later 
in  a serious  alligator  cracking  on  the  surface. 

I raised  that  question  yesterday,  and  1 think  this  par- 
ticular question  today  refers  to  what  might  be  the  criti- 
cal point  of  contained  solvent,  particularly  in  MC  or  RC 
mixtures,  not  so  much  in  reference  to  SC  mixtures. 

Now  this  question  arises:  We  say  there  is  a critical 
point.  Where  might  that  critical  point  be?  Is  it  eight 
per  cent  by  weight,  or  ten  per  cent  or  twelve  per  cent, 
rather  than  fifty  per  cent,  as  Mr.  Nevitt  has  just  spoke 
of,  of  the  amount  of  solvent  originally  contained?  The 
various  types  carry  a different  amount  of  solvent.  Some 
may  carry  as  much  as  35  or  40  per  cent.  Necessarily,  then, 
if  you  took  50  per  cent  of  each  or  all  you  would  get 
a wide  range  in  itself,  and  it  would  appear  to  me  that 
there  must  be  some  critical  point  at  which  the  maxi- 
mum amount  of  solvent  would  be  deleterious  to  the  mix. 

Certainly  we  can  measure  that  in  terms  of  time,  I think, 
because  some  of  the  states  have  tried  varying  periods 
of  aeration.  Does  anyone  have  any  information  as  to 
what  that  would  result  in  in  percentage  of  solvent? 

Quite  a few  years  ago  we  # did  run  quite  a few  tests  on 
the  degree  of  drying  versus  the  effect  on  the  material. 
Our  theory  was  based  on  a viscosity  time  effect.  We 
weren’t  concerned  with  the  amount  of  solvent  so  much 
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as  the  viscosity  that  you  had  by  the  loss  of  your  sol- 
vent, because  we  thought  that  if  you  reached  a certain 
viscosity  you  then  achieved  a certain  stability,  and  while 
I don’t  remember  the  actual  times — in  fact,  we  don’t 
get  them  in  field  tests — we  were  inclined  to  make  a 
comparative  study  rather  than  a field  study,  because 
in  the  field  we  think  you  are  tied  up  entirely  to  your 
individual  job.  You  get  drying,  remember,  by  both  aera- 
tion and  absorption  into  the  aggregate,  and  that  varies 
greatly  from  job  to  job,  but  we  did  notice  that  the  more 
solvent  you  had  in  the  material  the  quicker  you  lost 
solvent  on  a percentage  basis,  so  that  you  tended  to 
come  down  to  very  close  to  the  same  drying  time.  For 
example,  if  you  had  twice  as  much  solvent  you  would 
not  have  twice  the  time  to  get  down  to  an  arbitrary 
10%  left  in  the  mix,  regardless  of  what  you  started 
with.  You  would  get  to  that  10%  not  as  quickly,  but 
almost  as  quickly  with  the  greater  amount  of  solvent, 
because  the  thinner  material  dried  more  rapidly,  having 
more  solvent  and  a higher  partial  pressure  of  solvent 
to  be  forced  off. 
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I think  you  have  to  come  down  to  a stability  meas- 
urement rather  than  the  percentage  of  solvent  left.  As 
Mr.  Reagel  points  out,  you  must  not  have  so  much 
solvent  left  in  that  when  that  solvent  is  lost  you  get 
distinct  shrinkage  cracks.  In  other  words,  you  must 
not  have  your  particles  so  far  separated  by  asphalt  and 
solvent  that  there  is  a distinct  shrinkage  when  the  solvent 
goes  out.  I don’t  believe  that  is  usually  observed  when 
you  have  normal  aeration.  The  50%  rule  for  Nebraska 
I do  not  think  is  a general  rule.  I don’t  think  they  in- 
tend to  apply  it  to  all  cases.  I simply  state  that  in 
their  practice,  which  is  limited  to  similar  aggregates 
and  not  a very  wide  range  of  distillate  percentages  in 
their  materials,  they  have  found  it  quite  satisfactory. 

How  long  did  it  take  them  to  get  the  50%  out? 

I think  the  50%  comes  out  very  quickly  in  some  jobs, 
and  at  considerable  periods  in  others,  and  they  refuse 
to  go  to  a time  element  for  that  reason,  depending  on 
the  aggregate  and  the  job  conditions.  They  actually  have 
a field  test  in  which  they  determine  the  lay-down  time 
for  the  contractor  by  the  percentage  of  solvent  left  in 
the  job. 

I would  like  to  ask  Mr.  Nevitt  if  he  would  recommend 
a specification  requirement  as  to  the  amount  of  solvent 
that  may  be  contained  in  a mix  at  the  time  of  spread- 
ing. 

Personally,  if  I were  recommending  any  specification 
for  highly  general  use,  one  for  all  types  of  aggregates, 
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I would  restrict  myself  to  a stability  specification.  I 
would  set  up  some  sort  of  stability  or  compression  test. 
I am  not  trying  to  get  into  an  argument  as  to  what 
stability  measurement  to  use,  but  some  sort  of  stability 
measurement  with,  perhaps,  where  it  was  found  pos- 
sible by  experience  (I  don’t  know  whether  this  would 
come  very  often),  an  arbitrary  limit  to  take  care  of  the 
shrinkage  which  will  show  up  in  a few  cases.  I believe 
a general  specification  should  be  primarily  a stability 
specification  sufficient  to  carry  the  traffic  without  main- 
tenance difficulties  until  further  setting  up  had  occurred 
in  the  road. 

Does  anyone  have  a definite  recommendation  for  a per- 
centage or  time  for  aeration?  If  not,  I have  another 
question:  “What  should  be  the  maximum  size  of  aggre- 
gate used  in  a 2"  to  3"  mat?”  I think  that  is  a good 
question. 

On  two  jobs  we  had  this  summer  the  mat  was  an  inch 
and  a half  MC  mat,  and  previous  to  this  year  our 
maximum  size  was  specified  at  This  past  year  we 

went  to  1"  maximum  size,  in  line  with  the  Bureau  recom- 
mendations set  up  last  year.  On  these  two  particular 
jobs  there  was  a good  percentage  of  crushing  in  the 
pit  and  we  found  that  there  was  a good  deal  of  float 
developed  in  the  laying  down  process.  That  is  not  par- 
ticularly true  in  the  thicker  mats.  In  other  words,  where 
they  have  more  material  to  work  with  they  can  ap- 
parently use  a 1"  maximum  size  without  any  trouble, 
but  on  the  thin  mats,  the  1%",  you  do  develop  float, 
and  it  is  necessary  to  get  right  behind  it  and  seal  it 
before  it  starts  to  ravel.  You  can  stop  it  pretty  well 
all  right  by  doing  that,  but  you  have  to  follow  pretty 
closely  with  your  seal  coat  on  those  particular  types. 

In  my  observation  the  maximum  size  that  can  be  used 
in  any  mixture  many  times  depends  upon  the  ability  of 
the  lay-down  man  to  lay  it  down  properly.  In  laying 
any  thickness  of  mat,  regardless  of  whether  it  is  2" 
or  3",  if  you  attempt  to  lay  it  in  too  thin  courses,  you  can 
bring  all  the  rock  to  the  top  and  have  it  there  as 
float;  whereas,  if  you  have  an  experienced  blade  man 
who  can  keep  the  rock  more  uniformly  distributed  from 
top  to  bottom,  you  can  possibly  lay  1%"  rock  in  a 3" 
mat,  but  certainly  not  more  than  a 1"  rock  in  a 2" 
course,  so  the  size  you  set  depends  upon  the  skill  of 
the  operator  in  getting  it  into  the  mix. 

I am  speaking  particularly  of  road  mix  jobs  and 
blade  lay  jobs.  That  isn’t  necessarily  true  when  you  are 
laying  it  with  a finishing  machine,  although  there  is 
some  dragging  action  which  has  a tendency  to  roughen 
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up  the  surface.  Somebody  described  it  yesterday  as  a 
herring-bone  effect. 

We  have  noticed  that  the  closer  the  aggregate  approaches 
the  thickness  of  the  mat,  the  more  tendency  there  is  to 
this  effect,  following  fanning  or  light  blading. 

We  find  another  Proctor  question.  Apparently  on  the 
program  yesterday  or  the  day  before  someone  discussed 
the  use  of  the  Proctor  method  in  connection  with  clay- 
gravel  construction.  The  question  is,  “How  do  you  use 
the  Proctor  method  in  the  study  of  compaction  in  the 
case  of  the  clay-gravel  method,  when  you  have  a large 
metal  content  in  the  mixture?  Can  that  be  done,  and 
if  so,  how?” 

Does  anyone  use  the  Proctor  method  for  determining 
compaction  of  a clay-gravel  stabilized  base? 

The  Iowa  Department  has  been  using  that.  We  find  no 
difficulty  with  it.  We  provide  our  field  men  with  a 
Proctor  mold  and  an  arrangement  for  compaction  that 
we  have  developed  as  a guide  so  that  tamper  is  operated 
a little  more  freely  than  it  would  be  by  just  raising  and 
dropping  it  by  hand.  We  feel  we  get  a little  more  uni- 
form results  between  different  operators  by  doing  that. 
We  don’t  use  the  Proctor  needle.  We  use  the  mold  for 
the  determination  of  the  density  of  the  compacted  base. 
We  do  not  believe  that  the  use  of  sand  for  determination 
of  the  volume  is  nearly  as  accurate  as  the  use  of  a 
liquid  material. 

You  combine  the  Proctor  compaction  with  a volume 
determination  of  density.  Does  anyone  else  have  a sug- 
gestion? 

We  have  an  old  friend  here:  the  definition  of  a 
seal  coat.  I think  someone  has  been  a little  reticent  in 
coming  forth  with  a definition.  Can’t  we  have  someone 
offer  us  a definition  of  the  dividing  point  between  a 
seal  coat  and  a surface  course? 

I would  just  like  to  add  a suggestion  or  put  in  a sug- 
gestion, that  we  take  two  names.  A seal  coat  is  where 
you  are  essentially  putting  material  on  top  of  the  old 
surface  and  merely  adding  enough  aggregate  to  prevent 
picking  up,  which  is  negligible  from  the  standpoint  of 
increasing  the  thickness  of  the  mat ; and  any  other  treat- 
ment, in  which  you  add  an  appreciable  layer  of  aggregate 
and  therefore  appreciably  increase  the  thickness  of  the 
mat,  should  be  given  some  other  name,  such  as  armor 
coat  or  protective  coat.  You  may  seal  with  aggregate,  but 
you  may  not  seal  at  all  even  if  you  build  another  mat 
on  top  of  it,  and  the  new  mat  you  put  on  may  be  no 
more  impervious  to  moisture  than  the  original  mat. 
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I have  seen  many  cases  of  adding  a mat  which 
didn’t  have  any  sealing  effect  at  all,  and  I wouldn’t 
have  called  that  a seal  coat.  It  may  have  done  the  job 
it  was  intended  to  do,  which  was  to  prevent  failure  of 
the  original  mat,  but  I don’t  think  it  was  a seal  coat; 
so  I would  suggest,  as  a start,  that  we  differentiate  be- 
tween seal  coats,  which  are  essentially  a layer  of  bitumi- 
nous material  intended  to  soak  into  the  old  mat  and 
cover  the  surface  and  add  very  little  to  the  thickness, 
and  other  types  of  coat  which  build  up  the  thickness. 

That  is  closely  akin  to  the  idea  that  a seal  coat  is  in- 
tended to  seal,  and  a surface  course  is  intended  to  pro- 
vide some  additional  wear.  I think  a seal  is  a seal  by 
any  other  name.  Perhaps  it  might  be  desirable  for  us 
to  start  some  procedure  to  call  the  same  things  the 
same  name.  I have  noticed  throughout  this  meeting 
that  some  of  us  were  talking  about  subgrades  and  bases 
and  surface  courses  all  at  the  same  time,  and  perhaps 
the  names  were  considerably  confused.  I think  it  would 
help  us  if  some  organization  or  someone  would  get  a 
terminology  or  a set  of  names  that  would  get  us  all 
talking  about  the  same  thing. 

There  is  one  point  in  that  connection  that  might  be 
of  some  particular  value,  and  that  is  the  fact  that  the 
Bureau  of  Public  Roads,  at  least  in  our  particular  dis- 
trict, will  not  pay  for  what  we  call  a seal  coat,  except 
on  newly  built  surfaces,  which  consists  of  an  application 
of  a flush  coat  of  whatever  type  of  material  we  want 
to  use,  whether  it  be  MC,  SC,  or  emulsion,  and  over 
which  is  usually  placed  from  20  to  25  pounds  of  screen- 
ings between  %"  and  No.  10.  They  consider  such  an 
application  on  an  old  road,  maintenance.  They  will 
participate,  however,  in  construction  of  a very  similar 
nature  which  carries  a minimum  of  35  pounds  to  the 
square  yard ; thus  differentiation  between  a seal  coat 
and  resurfacing  might  well  be  taken  from  the  Bureau’s 
interpretation  of  maintenance.  They  consider  that  any- 
thing from  35  pounds  of  screenings  to  the  square  yard 
on  up,  with  the  necessary  amounts  of  oil,  as  being  some 
form  of  resurfacing  or  retreatment. 

I have  a rather  similar  question  here,  using  the  No.  10 
mesh  sieve  as  an  example:  “It  is  noted  both  in  con- 
versations and  papers  that  there  is  a promiscuous  use 
of  such  terms  as  No.  40  sieve,  No.  40  mesh  sieve,  etc., 
and  the  question  is  asked,  are  they  of  the  same  size 
and,  if  not,  what  is  the  proper  designation  of  each  and 
what  authority  is  set  up  for  proper  designation  of  sizes 
from  No.  4 down?” 

That  is  something  on  which  you  can  easily  become  con- 
fused, but  in  our  specifications  we  state  the  sieve  and 
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behind  that  we  give  the  numerical  opening.  That  de- 
finitely sets  up  the  size  so  that  everyone  knows  what 
you  are  talking  about. 

I believe  the  A.S.T.M.  has  a schedule  of  sizes  which  are 
definite,  if  anybody  wants  to  refer  to  them. 

There  is  no  reason  why  that  could  not  be  the  correct 
designation  to  use.  I think  that  is  common  practice 
with  other  concrete  men  and  everybody  else,  to  refer 
to  the  same  schedule  as  the  A.S.T.M. 

I think  the  information  is  available  to  us  all  right 
in  that  way.  I think  perhaps  the  question  was  directed 
at  the  tendency  in  papers  to  talk  rather  freely  from 
one  to  the  other  without  setting  forth  just  what  the 
size  opening  might  be. 

A third  question  in  this  series:  “Does  vegetation 
along  the  roadway  actually  have  any  beneficial  effect 
in  lowering  subgrade  moisture ¥”  Does  anyone  have  any 
definite  ideas  on  that  ? 

That  was  suggested  by  California,  in  a paper  yes- 
terday or  the  day  before,  as  a possibility.  Mr.  Stokstad, 
did  you  have  anything  to  offer  in  that  connection  ? 

What  I have  to  say  on  that  subject  refers  only  to  the 
climatic  environment  characteristic  of  northern  sections. 
Roadside  vegetation  probably  does  not  assist  very  much 
in  drying  out  the  subgrade.  Rather  is  may  have  the 
opposite  effect.  Vegetation,  as  it  grows  in  ditches  and 
on  shoulders  may  sufficiently  slow  up  surface  run-off 
to  actually  increase  the  moisture  content  of  the  subgrade. 

Vegetation  may  be  used  as  an  indicator  of  subgrade 
moisture  conditions.  A luxuriant  growth  of  water-loving 
plants,  for  instance,  indicates  to  us  the  necessity  of 
checking  closely  for  detrimental  subgrade  conditions. 

We  have  in  our  state,  of  course,  several  types  of  climate. 
In  the  western  part  of  the  state  we  have  a semi-arid 
climate;  I wouldn’t  call  it  arid,  but  rather  dry.  It  has 
been  the  practice  in  that  end  of  the  state  not  to  remove 
any  vegetation  from  the  shoulders  because  it  helps  to 
hold  the  soil.  We  have  observed  the  fact  that  in  the 
semi-arid  areas  the  vegetation  does  grow  along  the  side 
of  the  concrete  roads.  I don’t  think  there  is  any  possibility 
of  vegetation  taking  all  the  moisture  out  from  under  such 
roads,  because  the  moisture  continues  to  rise  from  below 
and  still  the  road  is  perfectly  dry. 

In  the  central  and  eastern  parts  of  the  state  we 
quite  often  remove  the  vegetation  for  the  purpose  just 
expressed  here,  to  keep  the  water  from  accumulating 
on  the  shoulders  and  staying  too  long. 
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In  addition  to  that,  some  consideration  should  be  given 
to  the  fact  that  if  you  left  vegetation,  particularly  the 
short  grass  of  the  type  we  have,  called  Bermuda,  grow 
up  against  the  side  of  the  job,  you  might  find  that  you 
were  neglecting  your  maintenance  and  the  shoulder  might 
be  quite  low  without  your  realizing  it.  We  have  one 
case  in  mind  where  a concrete  slab  cracked  up  after  the 
Army  had  run  a bunch  of  trucks  over  it,  and  we  found 
in  that  case  that  the  shoulder  had  shrunk  down  below 
the  bottom  of  the  slab  and  about  three  or  four  feet 
of  the  slab  projected  into  the  air,  with  no  contact  at 
all.  That  could  have  been  noticed  and  would  have  been 
noticed  and  fixed  up  had  the  vegetation  been  kept  off 
the  shoulder. 

I didn’t  mean  to  infer  by  my  prevoius  statements  that 
we  try  to  destroy  vegetation  growing  in  the  ditches  in 
order  to  speed  up  run-off.  We  encourage  vegetation  in 
the  ditches  and  on  some  roads  we  encourage  vegetation 
on  the  shoulders,  because  of  its  aid  in  protecting  the 
highway  investment  from  destructive  erosion. 

We  keep  vegetation  in  the  ditches  as  much  as  we  can. 
We  just  take  it  off  the  top  of  the  shoulder. 

Is  there  any  further  discussion  in  that  connection?  Those 
are  all  of  the  questions  that  have  been  handed  to  me 
from  the  committees.  Does  anyone  have  any  subject  that 
he  desires  to  discuss,  or  is  there  anyone  you  desire  to 
put  on  the  spot  here? 

In  resurfacing  old  worn  out  concrete  roads  with  bitumi- 
nous mats  there  has  been  quite  a bit  of  discussion  about 
the  thickness  of  the  mat  and  the  tendency  for  the 
cracks  in  the  concrete  to  appear  through  such  bitumi- 
nous mats.  I would  like  to  know  if  any  state  has  had 
any  experience  with  the  idea  of  cracking  up  the  old 
concrete  pavement  to,  in  effect,  destroy  the  expansion 
and  contraction,  and  then  applying  a wedge  course  and 
a bituminous  mat.  Has  anybody  had  any  experience  in 
trying  that  out? 

We  have  done  exactly  that  thing.  In  order  to  make  a 
comparison  between  what  we  could  expect  on  a badly 
cracked  concrete  pavement  which  was  being  resurfaced 
with  three  inches  of  cut-back  asphalt,  plant  mix  and 
machine  lay,  we  took  a strip,  as  I remember  it,  1,000 
feet  long,  and  broke  it  up  with  a heavy  ball  on  the 
end  of  a drag  line,  and  that  is  the  only  piece  of  pave- 
ment with  this  3 inch  cut-back  mix  that  does  not  have 
any  cracks.  There  was  no  attempt  made  to  particularly 
smooth  up  the  surface  other  than  to  place  a small 
amount  of  plant-mixed  material  on  top  of  it  so  as  to 
give  the  laying  machine  a fairly  uniform  base  on  which 
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to  ride,  but  so  far  as  breaking  it  up,  it  was  not  very 
thoroughly  broken.  It  did  not  displace  particularly,  so 
the  amount  of  material  that  was  put  back  to  pad  it  out 
was  not  material.  As  I said,  that  is  the  only  place  that 
did  not  crack  and  check. 

What  do  you  say,  Mr.  Powers,  as  to  the  approximate 
or  average  size  of  the  pieces  left  in  that  pavement? 

It  would  be  my  judgment  that  the  pieces  were  probably 
somewhere  in  the  neighborhood  of  6x6  up  to  possibly 
12x12. 

I would  like  to  ask  Mr.  Powers  what  kind  of  subgrade 
the  pavement  was  resting  on. 

The  subgrade  on  which  it  was  resting  was  a sand-clay- 
gravel  type  in  which  the  binder  was  principally  A-7 
type.  There  probably  was  in  the  neighborhood  of  from 
15%  to  as  much  as  30%  minus  200  of  an  A-7  type.  The 
concrete  pavement  had  cracks  varying  from  comparatively 
minute  cracks  to  as  much  as  an  inch  and  a half  wide. 

Did  you  attempt  first  to  go  over  this  with  a heavy  roller 
after  having  cracked  it,  to  set  the  broken  pieces? 

Not  as  I remember. 

I might  say  in  this  connection  that  we  have  had  a similar 
experience  with  the  failure  of  rather  thin  layers  to 
cover  or  refrain  from  cracking.  They  have  reflected  all 
the  cracks  in  the  base.  To  get  away  from  that  effect  in 
some  later  resurfacing  we  went  to  about  a 5%"  binder 
course  plus  surfacing,  and  found  that  we  got  away 
from  the  cracking  effect.  I am  balancing  some  such 
procedure  as  that  against  the  expense  of  breaking  up 
the  concrete. 

Along  that  line  I might  cite  an  experiment  we  had  in 
Michigan  in  connection  with  a broken  up  pavement.  This 
was  an  old  concrete  road  that  had  been  laid  over  a swamp 
section  paralleling  a railroad,  and  the  swamp  was  giving 
us  a great  deal  of  trouble.  Last  fall,  rather  suddenly, 
due  to  some  unusually  heavy  hauling  that  appeared 
at  that  time  of  the  year,  the  old  concrete  pavement 
broke  into  very  much  smaller  pieces  than  it  had  before 
and  some  of  the  pieces  started  turning  up.  We  had  to 
close  the  road  to  traffic,  because  it  was  dangerous.  In 
the  emergency  something  had  to  be  done,  as  winter  was 
approaching,  and  we  applied  a bituminous  mat.  The  sug- 
gestion was  made  by  our  Bureau  of  Roads  representa- 
tive, Mr.  L.  P.  Scott,  that  we  might  try  reinforcing 
so  we  placed  the  ordinary  expanded  metal  reinforcing 
mats  on  the  concrete  pavement  after  wedging  and  chink- 
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ing  the  cracks..  After  wedging  up  with  a hot  mix  binder 
to  get  a level  surface,  we  then  placed  about  four  inches 
of  binder  and  an  inch  of  bituminous  concrete  top  on 
it,  and  so  far  it  has  effectively  stopped  any  movement 
underneath.  How  long  it  will  do  so,  of  course,  nobody 
knows. 

We  figure  that  any  thickness  much  less  than  that 
might  crack  up  with  some  slight  movement  of  that 
steel  underneath. 

Gentlemen,  this  is  your  session.  We  will  stay  here  so  long 
as  you  keep  it  alive. 

Has  there  been  any  work  done  on  stabilizing  gravel  ag- 
gregate with  bituminous  material,  and  possibly  using  a 
concrete  paver,  stabilizing  the  aggregate  with  bituminous 
material  such  as  emulsions  or  cut-backs,  instead  of  stab- 
ilizing with  clay?  In  other  words,  where  we  would  normal- 
ly lay  a clay-stabilized  base,  have  we  considered  the 
possibility  of  using  bituminous  material  instead  of  clay? 

We  are  also  interested,  of  course,  in  how  the  thick- 
ness of  that  should  compare  with  a normal  stabilized 
gravel  base.  We  are  interested  in  any  information  along 
that  line. 

I might  say  that  during  the  past  summer  we  have  done 
some  work  along  that  line.  The  purpose  was  to  widen  the 
old  existing  gravel  base  to  a sufficient  width  for  a bitumi- 
nous mat,  and  what  we  did  was  to  add  about  three 
inches  of  new  gravel  six  feet  wide  along  each  side 
of  the  old  narrow  base,  then  scarify  to  a depth  of  about 
six  inches.  As  a rule,  the  scarifying  went  into  the  sub- 
grade to  some  extent,  and  if  it  happened  to  be  a clay 
subgrade  we  added  a little  more  gravel  so  as  not  to  have 
excessive  clay  in  the  mix.  In  case  the  subgrade  was  of 
lighter  soil,  gravel  or  sandy,  we  added  about  10%  of 
clay.  Then  we  applied  a gallon  to  the  square  yard  of 
SC-3  (on  some  jobs  SC-1  and  on  others  SC-3)  and  mixed 
that  in,  adding  a sufficient  quantity  of  water  to  facilitate 
mixing,  and  rolled  it  in  about  one-inch  layers  and  finally 
capped  the  old  base  with  2"  of  the  same  mixture.  The 
mixing  was  done  with  a specially  built  multiple  blade 
mixer  six  feet  wide  drawn  by  a “Cat.  60.” 

Answering  Mr.  Swanberg’s  question,  I would  say  that 
this  week  we  are  starting  such  a project,  using  pit  run 
gravel,  which  is  a rather  dense-graded  material.  This 
aggregate  will  be  plant  mixed  with  emulsion  and  com- 
pacted to  a five-inch  thickness.  A surface  treatment  using 
emulsion  will  be  placed  on  top  of  this  base.  Maybe  a 
year  from  now  I can  tell  you  what  to  expect  from  this 
type  of  base. 
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What  equipment  are  you  using  to  mix  that  with? 

A 27-E  concrete  mixer.  The  contractor  started  out  to 
use  a Barber-Greene  traveling  plant,  set  the  Barber- 
Greene  up  as  a batch  mixer,  but  it  wouldn’t  work  out, 
so  they  switched  over  to  the  concrete  mixer. 

How  much  emulsion  are  you  using? 


About  4%  asphalt  content  and  the  asphalt  in  the  emul- 
sion is  running  60  to  62  or  63%. 

On  a WPA  project  we  were  employed  to  design  and 
control  a bituminous  paving  using  aggregate  in  stock 
which  had  been  purchased  by  the  Procurement  Office  of 
the  WPA  and  mixing  this  material  in  an  E-27  mixer.  The 
materials  used  were  a pit  run  sand  and  gravel,  mineral 
filler  and  RC-1.  The  mineral  filler  consisted  of  crushed 
limestone  with  approximately  90%  passing  the  No.  200 
sieve. 

The  aggregate  was  dried  before  placing  in  the  mixer 
in  an  improvised  oil  burning  drier.  The  batch  consisted 
of  1790  lbs.  of  mixed  aggregate,  80  lbs.  of  mineral  filler 
and  130  lbs.  of  RC-1.  This  was  mixed  for  5 minutes, 
dumped  and  stock-piled  on  the  job  for  about  a week. 
The  material  was  then  placed  on  a prepared  bed  (general- 
ly an  old  clay  gravel  street)  from  2 to  4 inches  thick, 
about  4 inches  in  the  center  and  2 inches  on  the  outside 
edge.  This  was  rolled  and  traffic  withheld  for  a week 
or  10  days.  At  the  end  of  that  time  the  surface  was  then 
sufficiently  dry  to  support  the  light  weight  traffic  these 
streets  obtained. 

During  the  first  three  months  only  the  top  2 inches 
had  lost  the  volatile  constituents  of  the  RC-1  and  the 
base  still  contained  a large  portion  of  the  naphtha.  Density 
tests  made  on  the  pavement  seldom  showed  a density  in 
excess  of  80%  of  the  theoretical  and  as  a whole  stayed 
between  75%  and  80%.  This  pavement  has  been  down 
approximately  one  year  and  has  given  satisfactory  serv- 
ice as  a residential  street ; although  it  would  not  be 
satisfactory  on  more  heavily  traveled  streets. 

Though  from  an  engineering  standpoint  this  pave- 
ment is  not  satisfactory,  the  use  of  it  as  a dust  palliative 
is  good,  so  good  that  the  town  officials  proceeded  to 
put  down  more  pavement  of  this  type  on  a second  project. 

Was  that  mixed  with  a 27-E? 
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A 27-E  with  a one-ton  batch.  It  may  have  been  more 
than  that.  We  may  have  put  a yard  in  there.  I don’t 
recall. 

The  question  was  asked  me  today,  in  connection  with  a 
committee  that  you  had  here  last  year  on  the  desirability 
of  having  a bibliography  on  bituminous  subjects.  At 
that  time  you  were  informed  that  the  American  As- 
sociation of  State  Highway  Officials  were  working  on 
such  a project  in  cooperation  with  the  Highway  Research 
Board,  and  I was  asked  what  the  status  of  that  might 
be  at  the  present  time. 

I would  say,  in  answer  to  that  question,  that  the 
work  is  well  under  way.  The  material  has  been  assembled 
and  the  printing  will  proceed  possibly  or  probably  during 
January  or  February,  and  the  completed  material  will 
be  available  very  soon  after  that.  The  information  to  be 
printed  will  be  something  more  than  a bibliography  in 
that  there  will  be  a sentence  or  two  of  description  of 
the  scope  of  the  various  projects  covered.  I might  say 
that  the  subject  matter  is  a bibliography  of  research 
projects,  current  and  completed,  of  highway  departments, 
major  schools  of  the  country,  and  to  some  degree  com- 
mercial concerns.  It  covers  the  entire  highway  research 
field,  however,  not  just  the  bituminous  field,  and  it  is 
hoped  that  the  issuance  of  this  bibliography  will  form 
a nucleus  for  cooperation  with  various  others  that  haven’t 
been  contacted  at  present. 

If  anyone  desires  any  more  detailed  information  in 
that  connection,  Mr.  Crum  of  the  Research  Board  is  here 
and  he  will  be  glad  to  go  into  the  matter  further  with 
you  if  you  desire. 

Does  anyone  have  another  question  on  any  subject 
he  would  like  to  have  discussed? 

I would  like  to  ask  a question  as  to  what  experience 
some  of  the  states  in  the  northern  section  have  had 
on  applying  surface  treatments  by  the  distributor  and 
chip  application  method  to  gravel  surfaces,  with  MC 
and  RC  cut-backs  and  the  relative  merits  of  the  two 
types.  I presume,  of  course,  in  every  case  they  would 
be  using  a prime  of  MC.  What  is  the  relative  experience 
with  the  MC  materials  against  RC? 

Mr.  Perry,  would  you  care  to  answer  that? 

We  have  used  RC-4  in  two  instances  and  the  majority 
of  the  other  surface  treatments  have  been  with  MC-4 
and  MC-5.  We  have  also  used  some  of  the  heavier 
SC’s.  On  the  RC-4  we  are  not  all  in  accord  as  to  what 
is  the  matter,  but  we  have  had  rather  serious  failures. 
I think  that  our  climate  is  a little  too  severe  for  the 
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material  that  we  used.  Possibly  if  we  had  used  a softer 
material  we  might  have  had  better  success. 

Do  you  use  a prime? 


Yes.  On  both  cases  a tar  prime  was  applied  beneath  a 
double  surface  treatment  of  .3  gallon  of  RC-4  and  30 
pounds  of  aggregate  per  square  yard. 

The  thing  that  prompted  that  question  was  the  thought 
that  on  highly  stabilized  gravel  bases,  if  you  use  an  MC 
prime  you  don’t  get  much  penetration.  The  tendency 
would  be  for  some  of  the  prime  to  remain  on  top,  which 
would  overcome  somewhat  the  hardness  of  RC  material 
by  softening  it  with  this  excess  prime  that  does  not 
penetrate.  I wonder  if  that  will  overcome  the  difficulty 
where  the  harder  RC  material  used  alone  causes  some 
ravelling. 

In  these  two  cases  it  was  not  a stable  base,  you  might 
say — not  of  the  heavier  type.  Rather  than  to  depend 
on  mixing  the  prime  with  the  top  bitumen  I think  we 
probably  would  cut  down  on  the  amount  of  prime  used. 

Is  everybody  satisfied? 

In  that  connection  I think  I covered  this  the  other  day, 
but  on  our  stabilized  gravels,  where  we  have  treated 
them  the  same  year,  we  have  had  a requirement  of  a 
three-weeks  interval  between  the  completion  of  the  stab- 
ilized gravel  base  and  the  mat  that  went  on  top  or 
the  surface  treatment.  However,  on  one  job  it  was 
necessary  to  open  that  road  within  three  days  following 
the  completion  of  the  stabilized  gravel  base.  We  put 
the  prime  on  it  within  three  days.  We  haven’t  had  any 
difficulty  with  the  penetration  of  MC-1  or  the  TC-1  on 
those  stabilized  gravel  bases.  We  have  found  that  in 
the  center  possibly  sixteen  feet  of  the  road  we  could 
get  as  much  as  .2  gallon  to  penetrate  into  that  base 
and  leave  a fairly  dry  surface,  whereas  on  the  outer 
four  feet  on  either  side  we  could  get  as  much  as  .3 
gallon.  We  have  used,  on  one  job  just  completed,  an  MC-1 
prime  and  a double  seal  of  RC-2.  We  also  built  one 
job  last  year  where  we  used  an  MC-1  prime  and  obtained 
satisfactory  penetration  (at  least  we  assumed  it  was) 
of  about  a quarter  inch,  and  treated  that  with  a heavy 
grade  of  cold  application  tar. 

As  I said  the  day  before  yesterday,  one  section  where 
the  MC-1  prime  had  remained  as  long  as  nine  days  before 
we  surface  treated  it,  and  the  surface  treatment  was  only 
a single  surface  treatment  with  sand  cover,  was  in  very 
good  condition.  Where  our  prime  was  younger  we  had 
some  pot-holing  of  that  surface  treatment. 
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I would  like  to  ask  Mr.  Swanberg  what  method  of  com- 
paction he  used  on  that  base  that  he  got  such  differences 
between  the  edges  and  the  center. 

Most  of  our  stabilized  gravels  are  compacted  with  these 
pneumatic  rollers.  I think  the  answer  to  Mr.  Stoddard’s 
question  is  that  those  roads  are  open  to  traffic  all  the 
time  during  construction,  and  then  our  gravel  is  hauled 
for  our  bituminous  surface  courses  over  those  roads 
during  the  placing  of  the  bituminous  mat,  and  there 
is  a tendency  for  the  traffic  to  concentrate  on  the  center 
portion  of  the  road.  I think  that  is  the  answer  to  the 
difference  in  compaction. 

I would  like  to  ask  Mr.  Swanberg:  “Can’t  you  divert 
your  traffic  at  all?  May  I ask  if  he  could  not  divert  his 
traffic  from  the  center  of  the  road  by  placing  brush? 
We  found  that  to  be  very  effective.  It  was  somewhat 
annoying,  but  small  trees  and  brush  that  would  not 
hurt  a car  if  it  ran  over  them  can  be  placed  down  the 
center,  and  the  traffic  will  stay  off  the  center.  That 
makes  it  compact  the  outside  edges. 

No,  we  did  not  do  that. 

There  was  one  question  discussed  earlier  that  I was 
was  interested  in  and  might  have  a helpful  suggestion 
to  make,  and  that  was  the  question  of  how  much  fluid 
material  or  how  much  solvent  there  was  in  a mixture  at 
the  time  when  it  should  be  laid  down.  Mr.  Nevitt  stated 
that  the  stability  would  be  the  criterion,  but  that  of 
course  requires  some  sort  of  stability  test.  I am  just 
wondering  if  it  would  not  be  possible,  in  that  connec- 
tion, to  use  another  control  method  that  would  be  easier 
and  more  rapid.  We  know,  of  course,  that  the  maximum 
stability  is  definitely  related  to  density,  and  density  in 
turn  is  definitely  related  to  the  percentage  of  voids 
you  have  in  a mixture  at  any  time.  How  much  fluid 
material  the  mixture  will  accommodate  without  loss  in 
density  is  going  to  depend  on  the  grading,  so  you  can’t 
specify  any  particular  limits  of  fluid  material  without 
specifying  whether  it  was  a dense-graded  mixture  with 
a small  percentage  of  voids  or  a poorly  graded  mixture 
with  a large  percentage  of  voids. 

I wonder  if  it  would  not  be  possible,  in  terms  of  the 
thickness  of  the  material  spread  down  as  related  to 
the  voids,  as  compared  with  the  thickness  of  the  mat 
at  maximum  density  at  the  time  it  was  compacted,  to  set 
up  some  sort  of  formula. 

When  you  say  “density”  are  you  referring  to  a com- 
pacted sample?  You  appreciate  that  while  the  material 
is  being  aerated  it  is  in  a windrow  being  moved  back 
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and  forth  and  is  not  compacted.  Are  you  suggesting 
that  we  have  a standard  compaction  and  then  take  the 
density  ? 

I would  require  a standard  compaction  test. 


The  difficulty  there,  Professor  Housel,  is  this : The  binder 
with  the  solvent  still  in  it,  first  of  all  is  giving  you  a 
greater  film  thickness,  which  is  increasing  your  lubrica- 
tion effect,  and  also  has  a lower  viscosity.  As  a result 
you  quite  probably,  or  possibly,  would  get  a better 
density  before  you  had  had  aeration  than  afterward, 

because  you  had  better  lubrication  and  therefore  better 
packing.  In  other  works,  any  field  compaction  test  might 
end  up  with  a higher  density  on  your  unaerated  mixture 
than  after  aeration. 

In  any  case,  then,  your  total  amount  of  fluid  binder  in 
there  is  always  going  to  be  less  than  the  percentage  of 
voids  in  the  compacted  mixture. 

You  were  dealing  with  a light  material  first  of  all,  and 
the  effect  of  the  voids  by  the  change  in  aeration  is 
going  to  be  small,  and  the  effect  on  the  weight  is 

going  to  be  small  from  the  standpoint  of  laboratory 

tolerance.  You  are  not  going  to  change  a great  deal 

in  the  weight  per  ton  by  the  evaporation  of  your  vola- 
tiles, and  while  there  might  be  some  theoretical  tie-up 
between  the  two,  from  the  practical  standpoint  I would 
be  concerned  primarily  with  laboratory  error.  Your  tol- 
erances on  your  various  procedures  might  be  greater 
than  your  correlation  between  your  dense  and  less  dense 
mixtures  due  to  the  amount  of  volatile  present. 

By  laboratory  error”  do  you  mean  variation  in  aera- 
tion ? 

I mean  in  compaction;  in  other  words,  in  forming  your 
mixture,  not  in  weighing  it — in  forming  the  compacted 
mixture  under  field  test  conditions. 

I would  like  to  make  a remark  or  two  on  this  sub- 
ject of  aeration,  since  we  have  it  up.  You  know,  we 
didn’t  use  to  aerate  mixtures  at  all,  even  in  the  early 
days  of  cut-backs.  A few  places  here  and  there  did, 
but  I am  talking  about  it  in  a general  way.  We  did 
begin  to  have  troubles  in  certain  areas,  but  outside  of 
those  areas  they  weren’t  having  so  much  trouble. 

Well,  in  these  places  they  did  have  trouble,  and 
the  Nebraska  people  are  the  outstanding  examples  of 
trouble  without  aeration.  They  had  to  go  to  aeration, 


—607— 


W.  W.  Zass: 

Arkansas 


and  they  badly  needed  it,  due  to  the  type  of  gravel, 
mostly  Platte  River  sand,  a rather  smooth,  small-sized 
particle  material.  We  got  into  aeration,  and  it  suddenly 
became  very  fashionable  to  aerate,  but  I believe  there 
are  still  lots  of  places  in  the  country  where  they  are 
aerating  where  they  don’t  actually  have  to.  Possibly  here 

and  there  they  will  get  a little  rutting,  but  I am  not  so 

sure  that  the  ruts  wouldn’t  iron  themselves  out.  How- 

ever, we  hesitate  to  oppose  aeration  because  it  is  un- 
questionably a precautionary  measure  with  nothing  against 
it  except  expense. 

That  is,  if  you  do  aerate,  first  of  all,  you  will  not 
get  rutting  on  your  job.  Furthermore,  you  help  remove 
the  moisture,  and  in  certain  types  of  mixes,  of  which 
the  sand  mixes  are  very  characteristic,  you  just  don’t 
dare  put  them  down  without  getting  the  moisture  out, 
so  aeration  is  fine  for  them.  But  I have  been  in  parts 
of  the  country  where,  just  as  a matter  of  personal 
opinion,  I thought  they  were  paying  a lot  more  for 

aeration  than  this  insurance  plus  the  actual  benefit  where 
they  needed  to  do  it  was  worth.  I think  aeration  is  pos- 
sibly being  overdone  in  certain  areas. 

Just  stop  and  think!  We  used  to  use  these  thin  SC 
materials,  corresponding  to  SC-2  today,  and  you  couldn’t 
aerate  them  because  they  don’t  particularly  change,  and 
we  got  along  fine  ten  or  twelve  years  ago.  They  didn’t 
have  any  aeration  because  they  didn’t  have  any  ma- 
terials in  most  places  that  needed  aeration,  but  they 
laid  them  down  and  they  got  along  in  good  shape. 

It  is  true  that  you  get  better  jobs  in  lots  of  cases 
by  aeration,  so  I am  not  opposed  to  aeration  at  all,  but 
I do  bring  up  the  discussion  and  raise  the  point  that 
where  aeration  is  beginning  to  get  expensive,  is  caus- 
ing the  contractor  a lot  of  trouble  and  running  the 
bids  up  on  jobs,  it  should  be  considered  rather  care- 
fully and  a more  common  sense  attitude  taken  toward  the 
possibility  of  not  needing  so  much  aeration  or  worrying 
too  much  about  the  percentage  of  volatile  left. 

I am  not  certain  that  there  is  a great  deal  of  failure 
or  trouble  due  to  excess  volatile  left  in  the  mix,  in  the 
general  type  of  mix,  although  in  certain  types,  particular- 
ly in  the  fine  materials,  you  do  have  to  watch  that 
particular  point.  The  outstanding  examples,  of  course 
are  these  fine  sand  mixes,  but  there  again  I believe  a 
lot  of  aeration  troubles  can  be  cured  by  going  to  a 
type  of  bituminous  binder  which  is  easier  to  aerate  and 
less  expensive. 

Would  your  remarks  apply  specifically  to  MC  or  RC 
products  in  relation  to  dense  mixtures  with  possibly  5 
to  10%  passing  200? 
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I was  making  a very  general  statement.  I think  it  is 
more  true  in  MC’s.  You  very  rarely  go  to  great  expense  in 
aerating  RC’s.  By  the  time  you  have  thoroughly  mixed 
your  mat  you  probably  have  sufficient  aeration  and 
you  probably  benefit  enough  from  a better,  more  uni- 
form mix  to  that  extent.  But  I have  heard  of  jobs  where 
they  have  made  as  many  as  a hundred  turns  on  the 
blade  to  get  aeration,  and  it  just  sounds  to  me  like  a 
little  too  much  trouble  for  that.  Of  course  that  is  un- 
usual, but  I know  that  in  many  cases  aeration  is  ex- 
cessive, and  I don’t  believe,  in  your  ordinary  dense- 
graded  mix  with  a fair  percentage  of  coarse  material, 
showing  some  stability,  that  aeration  has  to  be  overdone. 
It  must  be  watched.  It  comes  to  the  point  made  by  Dr. 
Winterkorn  a couple  of  days  ago.  We  are  supposed  to 
have  individual  judgment  and  not  too  many  rules  in- 
stead of  judgment.  Unquestionably  there  are  lots  of 
places  wdiere  you  should  aerate  and  it  should  always 
be  watched,  and  I am  merely  making  a plea  for  not 
overdoing  it  to  the  point  that  your  jobs  are  unduly 
run  up  in  expense  without  the  benefit  really  being 
assured  from  that  expense. 

I want  to  ask  Mr.  Nevitt  if  he  thinks  the  fact  that  the 
fact  that  the  Platte  River  material  in  Nebraska  not 
being  crushed  has  any  effect. 

Yes,  I think  it  has  a considerable  effect.  They  have  jobs 
that  you  can’t  put  down  without  aeration.  I believe 
in  the  stability  test,  and  when  I say  that  I mean  a rather 
rough  and  ready  stability  test.  All  you  have  to  do  is 
get  above  a certain  limit.  Just  make  your  test  rough 
and  ready  and  set  your  limit  high  enough  that  you  are 
safe.  Don’t  go  to  a very  elaborate  test.  Go  to  some  rough 
and  ready  method,  but  be  sure  you  are  above  that  limit 
and  I don’t  think  you  will  have  to  worry.  I think  in 
lots  of  cases  the  job  will  be  above  that  limit  by  the 
time  the  mixture  is  thoroughly  coated  and  the  aggregate 
has  been  turned  over  sufficiently  to  get  proper  mixing 
for  other  reasons. 

By  way  of  explanation,  I might  add  that  in  connection 
with  the  rather  stringent  aeration  requirements  of  Ne- 
braska they  have  to  deal  with  considerable  blow  sand 
there. 

I am  not  criticizing  Nebraska’s  practice  at  all,  because 
that  is  one  place  where  I know  they  need  it.  I am 
just  talking  about  the  extension  of  that  practice  more 
or  less  by  hearsay  to  areas  where  they  have  had  oc- 
casional trouble  and  needed  aeration  on  such  jobs,  but 
have  adopted  the  idea  that  when  you  make  a cut-back 
mixture  or  any  kind  of  mixture  that  will  aerate  you 
have  to  aerate.  I don’t  believe  that  is  true. 
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In  connection  with  the  remarks  of  Mr.  Zass  and  Mr. 
Nevitt,  I might  say  that  in  Minnesota  onr  gravel  will 
run  approximately  2 to  4%  passing  a 200-mesh  sieve, 
and  our  mixes  from  4 to  6%,  possibly  5%  of  MC-2.  Im- 
mediately following  the  mixing  of  those  mats,  or  the  next 
morning,  we  lay  the  mixes,  and  we  have  had  very 
little  trouble  from  shoving  because  of  the  greenness  of 
such  mixtures.  Of  course  our  mix  is,  you  might  say, 
open.  We  have  only  2 to  4%  passing  the  200-mesh 
sieve,  in  some  places  as  high  as  5%. 

In  Arizona  we  use  MC-3,  MC-4,  and  MC-5  and  for  road 
mixing  MC-3  or  MC-4,  and  by  the  time  we  are  through 
road  mixing  the  aeration  is  taken  care  of  to  the  extent 
that  you  don’t  have  any  trouble.  With  the  MC-5  we  use 
it  in  plant  mix  and  lay  with  either  a finishing  ma- 
chine or  blade.  We  lay  it  down  without  any  aeration 
at  all.  Our  maximum  limit  on  minus  200  is  less  than  5%, 
and  most  of  the  time  it  will  run  to  probably  2 or  3%, 
with  generally  between  3.6  and  4.2%  asphalt.  The  aera- 
tion doesn’t  mean  a thing.  The  relative  humidity  in  the 
day-time  doesn’t  run  over  probably  10%. 

Generally,  what  per  cent  solvent  would  you  say  was  in 
your  MC  mixture  after  you  had  laid  it? 

I would  judge  it  was  somewhere  in  the  neighborhood  of 
10%  on  the  road  mix.  That  is  purely  a guess  on  my 
part,  but  that  would  be  my  judgment. 

Our  experience  bears  out  both  what  Mr.  Powers  and  what 
Mr.  Nevitt  have  said,  and  I think  as  a rule  where  you 
find  the  grading  of  the  material  mixed  with  an  MC  is 
such  that  you  get  what  you  call  a fast  mix  behind 
the  mixing  machine  you  don’t  need  to  worry  about  aera- 
tion. I think  that  is  the  same  idea  Nevitt  has. 

I might  make  a little  comment  here.  There  is  another 
angle  that  we  haven’t  brought  up  that  might  be  of 
interest  and  might  have  some  bearing.  The  drying  of  cut- 
backs, particularly  MC’s,  is  a double  function,  as  I com- 
mented previously.  You  have  both  loss  of  volatile  in  the 
air  and  you  have  absorption  of  volatile  in  the  aggre- 
gate. It  is  possible  that  in  certain  types  of  aggregate 
it  might  be  a good  idea  to  get  aeration  for  fear  you 
had  too  much  absorption  into  the  rock  and  it  stayed 
there ; in  other  words,  if  you  had  a sufficient  preliminary 
drying  to  give  you  your  stability  and  could  lay  it  down 
but  you  could  never  get  a further  drying.  That  is  purely 
speculation.  Possibly  there  have  been  jobs  where  the  aera- 
tion gave  them  better  results,  yet  the  stability  was  ap- 
parently good.  In  other  words,  you  had  more  of  a curing 
of  the  mixture,  and  I just  want  to  bring  this  up  to 
take  care  of  the  eternal  exception  to  any  comments 
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There  may  be  occasionally  types  of  aggregates  or 
types  of  jobs,  where  aeration  gives  a better  film,  due 
probably  to  this  situation  I have  mentioned,  so  if  you 
have  that  by  experience,  of  course  be  guided  by  that 
experience,  The  thing  I am  trying  to  emphasize  here  is, 
as  Mr.  Powers  and  Mr.  Russell  and  others  have  brought 
out,  you  can  often  get  along  without  aeration,  and  when 
you  can,  let’s  not  pay  for  it.  But  when  you  find  by  good 
practical  experience  and  trial  that  you  need  it,  then  go  to 
it  to  the  extent  that  that  experience  indicates  it  is  worth 
while. 

I would  like  to  ask  Mr.  Powers  and  Mr.  Swanberg  about 
what  is  the  maximum  size  of  aggregate  they  use  in  these 
road  mixes,  and  approximately  how  much  of  that  ma- 
terial is  crushed.  Of  course  you  will  have  different  pits; 
I understand  that.  But  just  approximately? 

In  our  case  it  happens  to  be  that  we  have  a specifica- 
tion which  calls  for  a minimum  of  40%  and  a maximum 
of  55%  retained  on  the  No.  3 sieve.  That  is  regardless 
of  the  particular  pit  we  are  in.  We  require  the  contractor 
to  crush  sufficient  oversize  to  give  us  that  much  rock 
or  waste  sand,  accordingly. 

Most  pit  sites  in  Arizona  are  gravel  deposits.  These 
gravel  deposits  carry  gravel  in  many  cases  as  large  as 
24  inches  in  diameter.  Deposits  will  usually  grade  all  the 
way  down  to  the  very,  very  fine  sizes.  Of  course,  the 
contractor  is  interested  in  the  production  of  the  proper 
grading  and  in  not  crushing  any  larger  sizes  than  is 
necessary,  so  it  is  very,  very  seldom  that  he  crushes 
anything  larger  than  about  10  inches  in  any  pit  that 
he  may  go  into,  and  where  the  proportion  of  sand  to 
gravel  may  be  fairly  well  within  the  specifications  he 
will  only  crush  enough  rock  in  that  particular  pit  so  as 
not  to  have  to  waste  sand.  In  case  the  proportion  be- 
tween sand  and  gravel  in  a pit  is  such  that  he  is  going 
to  have  to  waste  sand  anyway,  then  he  will  probably 
crush  absolutely  everything  that  he  can  get  hold  of,  so 
that  we  don’t,  in  our  case,  adapt  any  pit  to  the  specifica- 
tions. We  adapt  the  specifications  to  the  pit  and  work 
out  the  proportions  so  that  we  get  the  grading  that  we 
want. 

Your  maximum  size  of  aggregate  is  what? 


One  inch  square. 


—611— 


J.  H.  Swanberg: 

Minnesota 


H.  G.  Nevitt: 

Missouri 


W.  H.  Wood: 

Texas 

W.  W.  Zass: 

Arkansas 

W.  H.  Wood: 

Texas 


I might  say  that  our  maximum  size  is  %"  square.  Our 
specifications  for  road  mix  require  from  25%  to  60% 
passing  No.  10;  10%  to  35%  passing  No.  40;  and  zero 
to  7%  passing  200. 

Relative  to  the  percentage  of  crushing,  on  our  road 
mixes  we  don’t  specify  any  crushing  except  that  the 
contractor  must  crush  everything  up  to  eight  inches  in 
size.  The  amount  of  crushing  will  vary  from  perhaps 
zero  per  cent  up  to  25%,  30%,  or  40%  on  the  No.  4 
sieve.  In  our  plant  mixes  we  tighten  down  a little  on 
the  grading  and  specify  35%  to  45%  passing  the  No. 
10  and  a minimum  of  30%  or  35%  crushed  material 
retained  on  a No.  4 sieve. 

I just  happened  to  think  of  another  factor  which  comes 
into  this  aeration  which  might  be  troublesome  to  one  or 
two  people.  I believe  that  it  is  a point  in  which  cut- 
backs, or  sources  of  cut-backs  or  bituminous  materials, 
vary  more  than  perhaps  anything  else,  superficially.  I 
believe  you  will  find  your  aeration  requirements  are  tied 
up  a very  great  deal  with  the  source  of  the  material 
you  use.  I may  be  wrong  in  that,  but  it  may  come  in, 
and  states  supplied  from  certain  areas  will  need  pos- 
sibly considerably  more  aeration  than  others. 

I believe  Mr.  Zass  is  more  interested  in  the  RC  type, 
aren’t  you? 

RC  and  MC,  both. 


We  have  put  down  quite  a little  of  the  RC  type  and  we 
find  that  you  need  no  laboratories  whatever  to  tell 
when  it  is  ready  to  lay.  The  inspector  determines  that. 
If  he  airs  one  out  too  far,  that  is  the  last  time  he  will 
do  that.  We  can  tell  when  it  is  ready  to  lay  down,  the 
theory  being  that  you  can  increase  the  viscosity  of  the 
cut-back  to  such  an  extent  that  the  mix  can  be  rolled. 
If  that  has  too  much,  you  can  cut  the  volatiles  out  to 
whatever  extent  you  want. 

In  connection  with  the  extent  of  volatiles  that  may 
be  left  in,  that  would  vary  considerably,  I think.  It 
would  vary  quite  a lot  with  the  type  of  volatiles  you 
happen  to  have  in  that  particular  cut-back  shipment, 
and  also  will  vary  from  time  to  time  as  you  are  using 
that  mix.  The  commercial  producers  ship  quite  a lot 
of  that  type  of  material  and  we  make  it  up.  We  permit 
the  contractor  to  mix  it  on  the  job  or  buy  it  from  a 
commercial  producer  and  ship  it  to  the  job.  We  use  RC-2 
in  connection  with  that  work  almost  exclusively,  and 
we  find  that  in  some  instances  RC-2  cut-back  with  the 
grading  we  specify  makes  an  ideal  mix,  whereas  with 
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other  stone  deposits,  notably  limestone  deposits,  the  ab- 
sorption of  the  aggregate  and  the  percentage  of  dust 
which  is  always  present  is  sufficient  to  dehydrate  the 
mix,  if  you  want  to  call  it  that,  and  when  you  start  to 
unload  at  the  other  end  it  is  rather  hard  to  stick  a pick 
into  the  mix. 

We  offset  that  by  adding  a gasoline  or  kerosene  or 
distillate  to  it.  Kerosene  we  feel  to  be  the  best.  We  add 
as  much  as  one  pint  for  500  pounds,  which  is  a half 
gallon  per  ton.  That  same  mix,  incidentally,  could  have 
been  laid  at  the  time  it  was  dropped  out  of  the  pug  and 
it  would  handle  all  right,  but  after  staying  in  a car 
for  four  or  five  days  and  then  being  shipped  around  it 
will  lose  quite  a lot  of  its  mobility,  due  to  absorption. 

We  have  also  one  gravel  plant  manufacturing  under 
the  same  specifications,  using  flint  pebbles  which  are 
crushed,  so  that  85%  of  the  particles  show  at  least  one 
face,  and  we  use  silica  sand  for  the  fine  sizes.  That  is  an 
open  mix,  5%  to  15%  passing  the  80-mesh.  The  material 
manufactured  at  that  point  is  shipped  out  and  is  usually 
on  the  other  extreme.  That  is,  it  is  too  wet.  The  batch 
is  wet  and  you  have  to  roll  it  around,  and  you  may  roll  it 
all  day  before  it  gets  sticky  or  tacky  enough  to  want 
to  roll  out  flat  on  the  road. 

We  have  found  that  shifting  to  the  next  grade — 
in  that  case  RC-3 — makes  the  batch  just  as  hard  to  un- 
load at  the  receiving  end,  so  we  got  the  producer  of  the 
asphalt  to  increase  a fraction  off  the  437,  which  is 
the  beginning  of  the  series  of  the  distillation  tests,  and 
bring  that  up  to  about  18%,  and  it  makes  a fast  drying 
cut-back.  That  same  18%  cut-back,  or  a fraction  off, 
applied  to  limestone  would  be  rather  fatal,  and  you 
might  have  to  use  two  gallons  of  kerosene  on  unload- 
ing. 

I think  a point  should  be  borne  in  mind  that  the 
contractor  has  the  privilege  of  ordering  from  the  pro- 
ducer an  asphaltic  material  which  will  fit  his  particular 
aggregate,  so  long  as  that  asphaltic  material  stays  within 
your  specifications.  We  have  found  that  most  producers 
furnish  that  cut-back  which  will  work  best  with  their 
product. 

In  line  with  the  remarks  that  were  made  by  Mr.  Wood, 
I might  state  that  in  our  state  we  do  exactly  the  same 
thing.  We  ship  lots  of  it  out  of  Phoenix  to  all  parts 
of  the  state.  We  have  shipped  MC-4,  MC-2,  and  MC-3, 
and  after  it  has  been  through  the  plant  and  put  on  the 
railroad  car,  shipped  and  unloaded,  it  can  immediately 
be  laid  down  without  any  aeration.  The  usual  type  of  ma- 
terial that  we  use  for  maintenance  is  mixed  from  either 
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MC-2  or  MC-3  and  shipped  into  the  northern  areas.  We 
allow  producers  in  Phoenix  to  take  MC-4  or  MC-5  and 
cut  it  with  kerosene,  and  make  MC-2  or  MC-3,  and  the 
maintenance  men  have  no  trouble  in  taking  it  out  of 
the  cars  and  using  it  for  patching  material  on  the  roads 
in  any  portion  of  the  state.  They  do  not  aerate,  yet 
they  do  not  have  any  trouble  with  their  patches. 

Are  there  any  further  questions?  I have  a question  which 
I would  like  to  raise.  I would  like  to  inquire  if  anyone 
has  had  any  experience  in  the  case  of  a chert  gravel  which 
stripped  badly,  treating  that  with  hydrated  lime,  or 
chemically,  and  using  it  as  a black  base  or  surface  instead 
of  avoiding  that  material  and  getting  some  other.  Have 
you  had  any  experience  with  such  protective  measures, 
Apparently  not. 

I know  of  a case  quite  a few  years  ago  where  that  came 
up,  but  there  the  only  change  was  to  change  the  bitumi- 
nous materials.  Bituminous  materials  vary  in  their  strip- 
ping action,  and  in  this  particular  case  the  difference 
was  enough  to  bring  it  over  the  hump  and  make  a satis- 
factory material.  However,  there  is  always  a possibility 
with  a stripping  product  that  you  will  still  get  into 
trouble.  In  this  particular  case  I don’t  think  they  used 
much  of  it.  They  meanwhile  found  another  pit  and, 
on  everybody’s  recommendation,  changed  to  that.  But 
they  could  solve  the  problem  by  merely  changing  the 
bituminous  material. 

There  is  a manufacturer  in  the  Twin  Cities  using  a 
silica  sand  and  asphalt  cement  as  a final  coating  material. 
It  is  a high  type  proprietary  mix  and  he  is  using  I be- 
lieve either  one-half  per  cent  or  one  per  cent  of  a coal 
tar.  I remember  a few  years  ago  that  Mr.  Havey,  in 
the  coating  of  gravels  with  emulsions,  where  they  were 
unable  to  get  a coating  of  certain  gravels  with  that 
emulsion  material,  was  using  some  agent  other  than  emul- 
sion to  coat  the  gravel  aggregate. 

They  added  some  tar  in  some  cases  to  the  mix. 

We  experimented  with  all  kinds  of  tar  bases,  and  with 
crude  tar,  separated  it  into  very  close  cuts,  and  we  com- 
bined that  material  with  the  sulphonated  fatty  acids 
so  that  it  could  be  emulsified  with  water,  so  you  could 
get  a thin  treatment  by  making  a coarse  emulsion  and 
spraying  it  out.  You  can  very  markedly  change  the  coating 
properties  of  things  that  are  unsuitable  on  account  of 
stripping  or,  in  fact,  not  only  stripping  but  that  won’t 
coat  at  all.  The  film  cracks  and  rolls  in  beads.  It  isn’t 
merely  stripping.  Sometimes  you  don’t  have  any  coating 
there  to  strip.  I never  could  tell  exactly  what  fraction 
of  tar  was  most  effective.  They  all  had  some  effect. 
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I presume  if  you  wanted  to,  you  could  use  simply 
a small  percentage  of  straight  tar. 

Mr.  Reagel:  Is  there  any  further  discussion  of  any  questions  on  any 

subject?  Does  everybody  know  everything  he  wants? 

If  there  are  no  questions,  certainly  I think  we  have 
been  here  longer  than  we  expected  to  when  we  met  for 
this  discussion.  It  has  been  a very  nice  discussion  and 
I thank  you  for  your  assistance,  attention  and  patience. 

We  are  now  adjourned. 
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